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FOREWORD 


In  accordance  with  Section  404(a)(9)  of  the  National  Cancer  Act  (as 
amended  in  1978),  the  Director,  National  Cancer  Institute  (NCl) ,  must  prepare, 
annually,  a  report  summarizing  activities,  progress,  and  accomplishments  for 
the  preceding  year  of  operations  and  a  plan,  including  budget  projections,  for 
the  ensuing  5-year  period. 

The  program  activities,  accomplishments,  and  plans  (including  budget 
projections)  contained  in  the  1982  Director's  Report  and  Annual  Plan  have  been 
reviewed  in  detail  by  the  National  Cancer  Advisory  Board  and  its  Subcommittee 
on  Planning  and  Budget . 

Based  on  these  reviews,  the  National  Cancer  Advisory  Board  endorses  the 
1982  Director's  Report  and  Annual  Plan  and  recommends  that  the  Director,  NCI, 
submit  the  Plan  to  the  Secretary,  HHS,  for  simultaneous  transmittal  to  the 
President  and  the  Congress, 


A      ^,C.^V 


Tim  Lee  Carter,  M.D. 

Chairman 

National  Cancer  Advisory  Board 


PREFACE 

A  NEW  LOOK  AT  CANCER  CONTROL 

Cancer  control  has  taken  on  a  new  look.   It  is  now  becoming  the 
scientifically  based  effector  arm  of  the  National  Cancer  Program.   It  is  the 
means  by  which  our  basic  laboratory  and  clinical  research  advances  may  be 
utilized  through  an  orderly  sequence  of  applied  research  for  the  ultimate 
reduction  of  cancer  incidence,  morbidity,  and  mortality  in  the  United  States. 
Several  parts  of  this  new  cancer  control  direction  are  already  visible;  others 
will  unfold  with  the  advice  and  the  perspective  of  our  advisory  councils  and 
as  new  staff  are  integrated. 

Cancer  control  research,  simply  stated,  is  applied  research.   It  tests 
specific  actions  or  interventions  aimed  at  having  a  measurable  effect  in 
reducing  important  cancer  problems  in  people.   It  tests  actions  or  interven- 
tions that  could  reduce  cancer  incidence,  morbidity,  and/or  mortality  rates  in 
specific  groups.   It  is  research  aimed  at  developing  methods,  plans,  or 
policies  to  benefit  people  across  the  spectrum  from  prevention  through 
treatment  and  continuing  care. 

In  order  to  help  follow  progress  made  against  cancer,  an  ordered  sequence 
of  research  steps  called  "cancer  control  phases"  has  been  developed,  building 
on  the  logic  of  phased  steps  in  clinical  cancer  research.   The  phases  will 
help  to  assure  that  community  programs  derive  from  carefully  conducted 
population-based  research.   New  Cancer  Control  Research  Units  (CCRUs)  for 
defined  population  studies  and  a  new  Cancer  Control  Science  Program  are 
encouraging  many  excellent  scientists  in  cancer  centers  and  universities 
throughout  the  country  to  take  part  in  this  process.   CCRUs  shall  determine 
how,  whether,  and  to  what  extent,  actions  proposed  for  a  particular  cancer  are 
effective  for  defined  populations;  the  populations  shall  be  defined  in  such  a 
way  as  to  allow  generalization  to  large  segments  of  the  population.   Cancer 
control  studies  shall  provide  the  data  from  which  to  set  realistic  national 
goals  in  cancer  prevention  and  management.   Through  this  new  systematic 
approach,  we  now  have  (1)  the  seeds  of  a  participatory  method  of  setting 
national  goals  with  the  oversight  of  both  the  Board  of  Scientific  Counselors 
of  our  Division  of  Resources,  Centers,  and  Community  Activities  and  the 
National  Cancer  Advisory  Board,  and  (2)  the  opportunity  to  set  into  motion 
cancer  control  activities  whose  actions  are  measurable. 

Prevention  programs  focus  on  the  three  major  exposures  known  to  be 
associated  with  cancer  risk — smoking,  nutrition,  and  occupation.   While  these 
are  major  program  thrusts,  chemoprevention  deserves  special  comment.   Our  new 
chemoprevention  effort  holds  promise  for  reducing  cancer  incidence.   The 
growing  convergence  of  laboratory  and  epidemiological  evidence  on  the 
inhibition  of  cancer  suggests  that  chemoprevention  merits  an  aggressive 
research  effort.   Human  intervention  trials  are  under  way  to  determine  whether 
naturally  occurring  micronutrients  such  as  beta-carotene,  vitamins  A,  C,  and 


E;  and  selenium  may  have  an  impact  on  cancer  risk.   Our  laboratories  are 
testing  other  promising  natural  and  synthetic  chemicals  of  potential  benefit 
in  reducing  cancer  risk.   The  National  Cancer  Institute  has  developed  a 
cohesive  plan  for  a  chemoprevention  program  which  includes  all  aspects  from 
the  development  of  synthetic  compounds  through  the  conduct  of  human  trials. 
This  will  help  physicians  and  scientists  in  this  field  to  efficiently  work 
together  for  the  earliest  possible  public  benefit  from  the  chemoprevention 
program. 

NCI's  Surveillance,  Epidemiology,  and  End  Results  (SEER)  cancer 
registries  provide  us  with  a  method  of  monitoring  results.  For  the  first  time 
in  this  past  year,  the  results  can  be  assessed  annually.   In  1983,  throughout 
the  United  States,  there  will  be  about  840,000  new  cases  of  cancer  and  about 
435,000  cancer  deaths.   Cancers  of  the  lung,  colon,  rectum,  breast,  and 
pancreas  account  for  half  of  all  cancer  deaths.   Smoking-related  cancers  have 
increased  markedly  in  the  past  decade  and  now  account  for  at  least  129,000 
cancer  deaths  per  year.   Mortality  rates  for  most  of  the  other  major  sites 
have  been  either  level  or  declining.   Advances  in  therapy  have  led  to  improved 
survival,  and  as  sufficient  time  passes  after  diagnosis  for  accurate  measure- 
ment, results  of  more  recent  therapeutic  advances  are  expected  to  become  even 
more  apparent.   It  will  be  the  responsibility  of  our  cancer  control  program  to 
assure  that  these  have  nationwide  impact. 

Diffusion  of  clinical  research  advances  for  wide  public  benefit  will  be 
stimulated  by  our  new  Community  Clinical  Oncology  Program  (CCOP).   Community 
oncologists  are  working  together  with  cancer  centers  and  clinical  cooperative 
groups  in  this  new  dynamic  program.   Patients  throughout  the  country  shall 
have  the  opportunity  to  enter  into  clinical  studies  in  their  own  communities. 
Protocol  studies  promote  uniform  conduct  of  clinical  trials.   They  will  be  an 
important  educational  device  for  participating  physicians  and  assure  up-to- 
date  patient  management.   This  cooperative  venture  among  the  National  Cancer 
Institute,  community  oncologists,  and  research  centers  will  provide  new 
insights  into  patterns  of  patient  care  and  technology  diffusion  and  will  be  a 
key  ingredient  in  our  national  effort  to  reduce  cancer  morbidity  and 
mortality. 


j/L^-vfll^lF 


Vincent  T.  DeVita,  Jr. 

Director 

National  Cancer  Institute 

National  Cancer  Program 


EXECUTIVE  SUMMARY 

The  Report  of  the  Director  on  the  National  Cancer  Program  covering  Fiscal 
Year  1982  and  the  Annual  Plan  for  the  Program  for  Fiscal  Years  1984-1988  was 
prepared  in  accordance  with  the  requirements  of  Section  404  (a)(9),  Part  A, 
Title  IV,  Public  Health  Service  Act,  as  amended.   The  Director's  Report  por- 
tion of  the  document  summarizes  the  accomplishments  in  cancer  research  made 
during  the  fiscal  year,  while  the  Annual  Plan  portion  describes  current  pro- 
gram activities  and  future  plans,  including  5-year  budget  projections.   This 
information  is  organized  by  the  Program's  major  thrusts:   cancer  biology; 
cause  and  prevention;  detection  and  diagnosis;  and  treatment,  rehabilitation 
and  continuing  care. 

Highlighted  in  this  year's  report  is  the  changing  emphasis  of  the  cancer 
control  program  to  place  more  emphasis  on  research  projects  rather  than 
demonstration  programs.   A  major  new  cancer  control  program  will  enlist  com- 
munity physicians,  who  treat  the  majority  of  cancer  patients,  in  the  conduct 
of  clinical  cancer  research.   The  ultimate  goal  of  this  program  is  to  reduce 
national  mortality  by  speeding  the  application  of  effective  new  cancer  treat- 
ments in  every  community.   Several  factors  made  the  new  initiative  possible. 
One  was  the  dramatic  increase  in  practicing  physicians  specializing  in  cancer 
treatment  in  communities  across  the  country.   The  other  was  the  success  of  a 
small  pilot  program  conducted  by  the  NCI-supported  Eastern  Cooperative 
Oncology  Group  (ECOG)  .   The  pilot  effort  gave  proof  tha^t  community  hospitals 
could  meet  the  same  standards  of  care  in  clinical  research  as  the  major 
treatment  centers. 

PDQ — a  computerized  cancer  information  system — is  also  providing  physi- 
cians in  communities  throughout  the  United  States  with  up-to-date  information 
about  NCI-supported  clinical  trials  and  treatments  available  in  cancer 
centers.   The  first  phase  of  this  system — PDQ  1 — went  on  line  in  1982  and  is 
available  at  1,800  hospitals,  cancer  centers,  and  medical  libraries  that  have 
access  to  the  National  Library  of  Medicine's  MEDLARS  data  base.  Individuals 
can  obtain  a  general  description  of  approximately  700  cancer  therapy  research 
protocols,  including  the  objective  of  the  clinical  study,  who  is  conducting 
it,  and  the  criteria  patients  must  meet  to  be  eligible  to  enter  the  study.   In 
the  future,  PDQ-2  will  be  expanded  to  provide  access  to  state-of-the-art 
cancer  treatment  information  tailored  to  fit  a  patient's  particular  type  of 
cancer.   It  will  allow  physicians  to  direct  their  patients  to  board-certified 
specialists  in  their  geographic  region. 

A  major  advance  in  the  basic  biology  of  the  cancer  cell  is  the  isolation 
of  cancer  genes  from  cultured  cells  originally  derived  from  human  tumors. 
These  are  called  cancer  genes  because  they  can  transform  cultures  of  mouse 
cells  from  normal  to  malignant.   However,  very  similar  genes  occur  in  normal 
cells,  where  they  may  have  a  role  in  normal  growth  and  development,  although 
this  is  not  yet  established.   This  year  several  groups  of  scientists  deci- 
phered the  genetic  code  of  the  cancer  gene  found  in  human  bladder  cancer  cells 
and  found  that  it  differs  only  slightly — but  crucially — from  that  of  the  gene 


in  normal  cells.   Scientists  also  discovered  that  the  human  cancer  genes  are 
related  to  the  cancer  genes  (called  oncogenes)  associated  with  certain  animal 
RNA  tumor  viruses.   The  human  bladder  cancer  gene  differed  only  slightly  from 
an  oncogene  originally  derived  from  a  rat  virus,  and  the  difference  was  at  the 
same  crucial  site  as  the  difference  between  the  human  bladder  cancer  gene  and 
the  gene  in  normal  cells. 

An  NCI  scientist  isolated  the  first  virus  associated  with  a  human  cancer. 
Called  the  human  T  cell  leukemia  virus,  or  HTLV,  this  RNA  tumor  virus  has  now 
been  isolated  from  the  cells  of  more  than  13  cancer  patients  around  the  world, 
including  the  United  States.   Although  other  viruses — such  as  hepatitis  B  and 
Epstein-Barr — are  thought  to  be  associated  with  human  cancers,  in  no  case 
other  than  HTLV  have  virus  particles  actually  been  isolated  from  human  cancer 
cells.   Scientists  have  cloned  the  viral  genes,  a  step  that  will  facilitate 
more  definitive  studies.   This  year  scientists  were  able  to  transmit  the  virus 
in  laboratory  cultures  to  normal  human  cells.   And  these  cells  were  trans- 
formed.  It  is  not  yet  clear  how  the  virus  is  transmitted  in  nature,  but  there 
is  some  new  evidence  that  HTLV  may  be  associated  with  human  tumors  other  than 
the  rare  T  cell  leukemia. 

Studies  are  under  way  to  find  the  cause  of  the  recent  outbreak  of 
Kaposi's  sarcoma  and  associated  opportunistic  infectious  diseases,  called 
acquired  immunodeficiency  syndrome  (AIDS),  primarily  among  young  homosexual 
males  in  the  United  States.   The  fact  that  this  cancer  is  associated  with  a 
defect  in  the  immune  system  is  of  great  interest,  for  it  may  provide  important 
information  pertinent  to  other  cancers.   Consequently,  the  Institute  is  inten- 
sifying its  research  efforts  in  this  area  and  has  committed  research  funds  to 
studies  of  the  epidemiology  and  treatment  of  AIDS.   NCI  is  coordinating  its 
efforts  with  other  institutes  within  NIH  and  the  Centers  for  Disease  Control 
that  also  are  committed  to  the  study  of  acquired  immunodeficiency  syndrome. 

New  5-year  survival  data  collected  nationwide  from  the  Institute's  SEER 
(Surveillance,  Epidemiology  and  End  Results)  network  of  10  population-based 
cancer  registries  showed  that  the  overall  relative  survival  rate  increased  to 
45  percent  for  all  patients  diagnosed  with  cancer  from  1973  to  1979.   About 
86  percent  of  patients  who  survive  their  cancer  5  years  can  expect  to  live 
20  years  past  treatment  and  are  potentially  cured.   An  earlier  study,  con- 
ducted by  the  NCI  before  SEER  was  established,  showed  that  patients  diagnosed 
between  1967  and  1973  had  a  relative  5-year  survival  rate  of  40  percent. 
Although  these  rates  cannot  be  compared  directly  because  they  are  based  on 
different  populations,  the  trend  does  reflect  advances  in  patient  treatment. 

The  SEER  registries  also  collected  data  on  cancer  incidence  that  allowed 
statisticians  to  compare,  for  the  first  time,  cancer  rates  among  various  U.S. 
ethnic  groups  (American  Indians,  Hispanics,  Hawaiians,  Filipinos,  Chinese,  and 
Japanese).   Knowledge  of  patterns  of  cancer  incidence  is  important  for  identi- 
fying new  problems  and  changing  risks  of  cancer  that  suggest  environmental 
hazards.   The  data  reported  this  year  indicate  that  the  average  American's 
cumulative  risk  of  having  cancer  through  age  74  is  26.5  percent  or  about  one 
in  four. 


1.   Cumulative  risk  is  the  risk  an  individual  would  have  of  developing  cancer 
through  age  74  if  no  other  causes  of  death  were  in  operation. 


with  the  transfer  of  the  Bioassay  Program  to  the  National  Institute  of 
Environmental  Health  Sciences,  the  NCI  has  changed  its  research  emphasis  in 
prevention.   The  Bioassay  Program,  which  screens  chemicals  for  their  ability 
to  cause  cancer  when  fed  to  mice,  is  now  part  of  the  National  Toxicology 
Program.   Realizing  that  strategies  for  cancer  prevention  based  on  the  reduc- 
tion or  elimination  of  human  exposure  to  environmental  carcinogens  may  not 
always  be  possible,  the  Institute  is  currently  evaluating  an  additional 
strategy — finding  ways  individuals  can  protect  themselves  against  carcinogens. 
One  such  approach  is  chemoprevention — the  use  of  chemicals  that  interfere  with 
one  of  the  stages  of  carcinogenesis.   NCI  is  sponsoring  an  ongoing  trial  in 
collaboration  with  the  National  Heart,  Lung,  and  Blood  Institute  that  is 
evaluating  the  value  of  daily  supplements  of  the  vitamin  A  precursor,  beta- 
carotene,  in  preventing  cancer  among  a  group  of  healthy  male  physicians.   This 
particular  trial  is  part  of  a  larger  chemoprevention  program  described  in  more 
detail  in  the  current  and  planned  activities  sections  of  the  report.   The  plan 
for  identification  and  testing  of  new  chemopreventive  agents  is  modeled  on  the 
Institute's  proven  anticancer  drug  development  program,  which  has  been  func- 
tioning since  1955. 

Along  with  applied  research  on  chemoprevention,  laboratory  studies  con- 
tinue to  better  understand  how  chemicals  can  cause  cells  to  become  cancerous. 
The  possible  role  of  Z-DNA,  an  alternate  form  of  the  genetic  substance 
discovered  by  NCI  grantees,  in  chemical  carcinogenesis  is  discussed. 

Within  the  area  of  cancer  treatment,  the  report  describes  the  results  of 
the  early  clinical  studies  of  interferon.   This  and  other  substances  are 
currently  under  investigation  as  part  of  the  Institute's  ongoing  Biological 
Response  Modifiers  Program.   Also  discussed  are  encouraging  results  of  other 
clinical  studies,  including  one  showing  improved  drug  therapies  for  Hodgkin's 
disease  and  another  for  advanced,  diffuse  Ijrmphoma. 

The  drug  development  program  continues  to  serve  a  key  role  in  identifying 
new  drugs  for  the  treatment  of  cancer,  although  several  pharmaceutical  com- 
panies have  now  expanded  their  research  and  development  programs  in  this  area. 
As  part  of  its  efforts  to  streamline  the  program  and  place  it  on  a  more 
rational  and  cost-effective  footing,  NCI  reduced  the  number  of  animal  tumor 
systems  it  routinely  uses  to  discover  new  drugs.   The  change  is  based  on  a 
5-year  study  that  showed  94  percent  of  active  compounds  in  a  sample  of  more 
than  1,000  were  predicted  by  three  of  eight  tumor  systems. 

A  new  initiative  is  the  establishment  of  national  cooperative  drug  dis- 
covery groups.   These  are  envisioned  as  consortia  of  scientists  from  both 
academic  institutions  and  pharmaceutical  companies  who  have  the  diverse  skills 
needed  to  successfully  design,  synthesize,  and  test  potential  anticancer 
drugs.  These  groups  will  be  coordinated  by  a  principal  investigator  and 
supported  by  cooperative  agreements.   Another  new  initiative  of  NCI's  Division 
of  Cancer  Treatment  is  the  establishment  of  a  Radiation  Research  Program.   It 
coordinates  radiation-related  research  in  the  areas  of  biological  effects, 
diagnosis,  and  treatment. 

The  results  are  reported  from  the  Breast  Cancer  Detection  and  Demonstra- 
tion Project  (BCDDP),  jointly  supported  by  the  National  Cancer  Institute  and 
the  American  Cancer  Society.  Begun  in  1973,  29  participating  BCDDP  centers 
screened  280,000  asymptomatic  women  for  breast  cancer  with  an  annual  physical 


examination  and  mammography.   Among  other  findings,  the  report  notes  the 
importance  of  mammography  in  the  early  detection  of  breast  cancer,  particu- 
larly for  women  over  the  age  of  50. 

Described  in  some  detail  is  the  Institute's  role  in  supporting  the  devel- 
opment of  nuclear  magnetic  resonance  scanning  (NMR)  for  the  detection  of 
tumors.   Like  the  CT  scanner,  NMR  provides  computerized  composites  visualized 
as  three-dimensional,  cross-sectional  images  of  the  body.   But  NMR  uses  mag- 
netic fields  rather  than  x-rays  to  obtain  images  and  may  therefore  be  less 
hazardous  in  the  long  run.   Major  technical  improvements  in  NMR  equipment  have 
occurred.   Now  several  commercial  concerns  have  developed  NMR  machines  for 
medical  use.   The  Institute  plans  to  begin  an  evaluation  to  compare  NMR  with 
currently  available  diagnostic  techniques  to  determine  the  role  of  each. 

The  document  includes  plans  for  the  projected  growth  of  NCI-supported 
research  activities  for  Fiscal  Years  1984-1988,  as  well  as  plans  for  NCI- 
supported  cancer  control  activities  and  resource  development.   NCI  budget 
projections  for  the  next  5  years  represent  the  best  professional  judgment  of 
the  National  Cancer  Institute's  Director  and  his  advisors  and  do  not  reflect 
current  departmental  budget  decisions.   The  NCI  supports  resource  development 
programs  in  the  areas  of  centers,  construction,  and  manpower  development. 

Comprehensive  cancer  centers,  and  other  clinical  and  basic  science 
centers,  are  part  of  the  regional  cancer-related  resources  being  developed 
around  the  country.   The  comprehensive  cancer  centers,  mandated  by  the 
Congress,  conduct  programs  of  clinical  and  basic  interdisciplinary  research; 
demonstration  of  their  best  methods  of  prevention,  diagnosis,  treatment,  and 
rehabilitation;  specialized  training;  and  education  and  communication 
activities  to  accelerate  the  transfer  of  new  cancer  knowledge  to  community 
hospitals,  practicing  physicians,  and  the  public. 

The  NCI  also  supports  collaborative  international  activities,  which 
provide  investigators  with  information  regarding  the  influence  of  geographic, 
environmental,  occupational,  and  social  conditions  on  the  incidence  and  types 
of  cancer  throughout  the  world  and  contribute  to  advances  in  research  and  in 
the  prevention  and  treatment  of  cancer.   In  addition,  other  Federal,  State, 
and  private  agencies  supported  about  $1  billion  of  cancer-related  activities 
during  1982.   The  report  describes  how  these  efforts  are  coordinated  into  the 
mission  of  the  National  Cancer  Program. 
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CHAPTER  I 
CANCER— THE  PROBLEM  AND  ITS  IMPACT 

STATEMENT  OF  THE  PROBLEM 

Cancer  is  a  disease  characterized  by  the  unrestricted  proliferation  of 
abnormal  cells.   Just  as  there  are  different  types  of  cells  in  the  body,  there 
are  different  types  of  cancer,  each  of  which  may  be  distinctive  in  its 
behavior.   The  early  cellular  and  molecular  events  of  the  disease  and  the 
mechanisms  leading  to  its  initiation  are  not  completely  understood.   Once  the 
initial  transformation  has  taken  place,  the  resulting  aberrant  cells  are 
capable  of  self-replication  and  may  progress  to  stages  in  which  they  are 
capable  of  invading  normal  tissue  and  spreading  throughout  the  body,  even 
though  the  agent  or  agents  that  caused  the  disease  may  no  longer  be  present. 
Unrestricted  growth  of  body  cells  may  result  in  a  mass  or  tumor  that  com- 
presses, invades,  and/or  destroys  neighboring  normal  tissue.   Cancer  cells  may 
be  shed  into  and  carried  by  the  vascular  or  lymphatic  systems  to  distant  sites 
where  they  can  establish  secondary  colonies  or  metastases. 

Cancer  typically  progresses  through  a  number  of  stages  of  development, 
and  a  variety  of  different  factors  can  act  to  initiate,  promote,  or  retard  its 
development  at  each  stage.   Agents  such  as  chemicals,  radiation,  and  viruses 
can  initiate  cancer.   In  addition,  hormonal,  environmental,  nutritional,  and 
genetic  factors  can  act  as  promoters.   These  agents  do  not  cause  cancer 
directly;  rather,  they  function  to  facilitate  the  process  of  carcinogenesis  in 
cells  where  initiation  has  already  taken  place. 

Trends  in  cancer  incidence  and  mortality  in  the  U.S.  population  show  a 
complex  pattern  of  decreases  and  increases,  depending  upon  many  factors  such 
as  anatomical  site  of  the  cancer  and  the  age,  sex,  socioeconomic  status,  and 
geographic  location  of  the  patient. 

Epidemiological  studies  have  identified  patterns  of  cancer  occurrence 
that  appear  to  be  related  to  familial,  environmental,  and  lifestyle  factors. 
Information  from  these  and  other  prevention-oriented,  chemical  and  physical 
carcinogenesis  studies  can  be  applied  to  attempt  to  prevent  cancer  in  the 
population  by  controlling  known  environmental  carcinogens.   Biological 
carcinogenesis  and  nutrition  studies  also  show  promise  for  application  to 
cancer  prevention.   Public  understanding,  acceptance,  and  use  of  knowledge 
about  carcinogens  and  environmental  and  lifestyle  factors  are  essential  to 
cancer  prevention. 

In  concert  with  efforts  to  prevent  the  initiation  and  promotion  of 
cancer,  emphasis  must  be  placed  on  improvements  in  the  methods  of  earlier 
detection  and  diagnosis.   Treatment  methods  for  most  types  of  cancer  are  more 
effective  when  cancer  is  detected  and  diagnosed  at  its  earliest  stages. 


A  former  assumption  in  planning  cancer  treatment  was  that  cure  could  be 
achieved  only  by  destroying  all  cancer  cells.   However,  medical  scientists  are 
now  modifying  this  view  because  of  knowledge  gained  from  immunological 
research.  One  strategy  being  explored  is  to  reduce  the  number  of  cancer  cells 
to  a  level  at  which  the  body  can  exert  its  own  control,  using  its  intrinsic 
defense  mechanisms.   In  practice,  three  major  methods  (surgery,  radiotherapy, 
and  chemotherapy)  have  the  potential  to  eliminate  or  reduce  the  cancer  burden 
of  the  host  and  are  therefore  widely  used,  often  in  combination.   In  addition, 
there  is  growing  interest  in  the  use  of  other  naturally  occurring  biological 
materials  for  the  treatment  of  cancer — substances  such  as  interferons, 
thymosin,  other  lymphokines ,  and  monoclonal  antibodies.   Many  of  these 
substances  are  proteins  and  are  now  being  manufactured  using  recombinant  DNA 
technology.   Clinical  trials  have  been  initiated. 

Over  the  past  decade,  a  better  understanding  of  cancer  has  led  to  less 
mutilating  surgery.   At  the  same  time,  new  cancer  drugs  have  become  available 
and  can  be  administered  with  fewer  side  effects.   Technological  advances  have 
also  allowed  more  effective  and  safer  use  of  radiation  in  cancer  treatment. 
In  addition  to  primary  tumor  treatment,  advances  in  supportive  care  (such  as 
bone  marrow  transplantation,  nutritional  intervention,  new  antibiotics,  and 
blood  cell  component  replacement),  which  limit  the  short-  and  long-term 
effects  of  cancer  therapy,  have  also  played  an  important  role  in  this  very 
significant  progress. 

For  those  persons  who  have  or  have  had  cancer,  as  well  as  for  their 
families  and  loved  ones,  it  is  important  to  improve  the  quality  of  life.   Many 
persons  reportedly  haye  suffered  needlessly  because  of  the  misguided  attitudes 
and  erroneous  information  others  have  about  cancer  or  because  of  the  failure 
of  society  to  provide  adequate  resources,  or  even  to  apply  resources  already 
available,  for  the  patient's  psychological  and  physical  well-being.   For  those 
who  have  been  incapacitated,  appropriate  rehabilitation  can  reinstill  the 
motivation  for  self-care,  often  restore  self-confidence  and  a  sufficient 
degree  of  independence  to  enable  the  individual  to  resume  satisfactory  social 
and  business  activities.   Since  the  number  of  cancer  survivors  is  greater  each 
year,  improving  their  quality  of  life  is  an  important  emphasis  of  the  National 
Cancer  Program. 


IMPACT  OF  THE  DISEASE 


In  1983,  throughout  the  United  States,  there  will  be  about  840,000  new 
cases  of  cancer  and  about  435,000  cancer  deaths.   Figures  I-la  and  I-lb  show 
the  relative  frequencies  of  specific  forms  of  cancer  for  all  Americans. 
Cancers  of  the  colon  and  rectum,  breast,  lung,  and  prostate  account  for  half 
of  all  cancer  incidence;  half  of  all  cancer  mortality  results  from  cancers  of 
the  lung,  colon  and  rectum,  breast,  and  pancreas. 

Cancer  remains  the  second  leading  cause  of  death  in  the  United  States, 
with  cardiovascular  disease  the  number  one  cause.   However,  cancer  mortality 
rates  seem  to  be  stabilizing.   Except  for  lung  cancer  and,  to  a  lesser 
extent,  prostate  cancer,  the  trend  in  mortality  rates  for  most  of  the  major 
primary  sites  has  been  either  level  or  decreasing  during  the  past  decade 
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(Figures  I-2a,  I-2b) ,   The  two  factors  that  affect  the  cancer  mortality  rate 
directly  are  the  rate  at  which  new  cancers  occur  in  the  population  (incidence) 
and  the  rate  at  which  persons  who  develop  cancer  survive  the  effects  of  the 
disease  following  treatment. 

Cancer  incidence  data  since  1973  are  derived  from  the  Surveillance, 
Epidemiology,  and  End  Results  (SEER)  Program,  which  continually  collects 
reports  of  all  new  cases  of  cancer  from  five  entire  States,  four  large 
metropolitan  areas,  and  Puerto  Rico.   These  locations  account  for  almost 
10  percent  of  the  U.S.  population.   Because  the  vital  status  of  each  person 
diagnosed  as  having  cancer  is  determined  at  least  once  a  year,  this  program 
also  provides  a  basis  for  measuring  cancer  patient  survival. 

Among  males,  lung  and  prostate  are  the  two  most  common  sites  of  cancer 
for  each  of  the  three  major  ethnic  groups  (Figure  1-3).   Frequency  of  cancer 
occurrence  at  other  sites  varies  among  ethnic  groups.   Among  females,  cancer 
of  the  breast  is  by  far  the  most  common  in  each  of  the  ethnic  groups,  followed 
by  cancers  of  the  colon  and  rectum.   Cancer  of  the  uterine  corpus  was  third 
most  common  among  white  females,  whereas  cancer  of  the  cervix  was  third  among 
Black  and  Hispanic  females. 

For  some  cancer  sites,  such  as  lung  and  stomach,  the  mortality  trends 
noted  earlier  follow  the  corresponding  incidence  trends.   This  pattern  holds 
for  these  particular  sites  because  survival  rates  for  both  lung  and  stomach 
cancer  are  relatively  low  and  have  changed  very  little  over  time.   The 
incidence  of  cancers  of  the  colon  and  rectum  has  shown  a  small  increase  for 
both  males  and  females  (Tables  I-la,  I-lb),  while  mortality  from  cancer  at 
these  sites  has  remained  relatively  constant.   Among  females,  two  of  the  major 
sites  show  very  interesting  time  patterns  in  cancer  incidence:   The  incidence 
rate  for  cancer  of  the  breast  reached  a  peak  in  1974,  after  which  it  declined; 
it  has  remained  constant  since  1976.   The  incidence  rate  for  cancer  of  the 
uterine  corpus  reached  a  peak  in  1975  and  has  been  decreasing  steadily  ever 
since.   The  breast  cancer  picture  appears  to  be  a  reflection  of  an  increased 
awareness  of  that  disease  in  1974,  probably  resulting  in  the  diagnosis  of  a 
larger  number  of  early  cancers.   The  trend  in  uterine  corpus  cancer  parallels 
that  in  sales  of  postmenopausal  estrogens,  which  dropped  sharply  with  the  Food 
and  Drug  Administration's  1975  warning  that  those  compounds  may  be  carcino- 
genic.  Primarily  because  the  patient  survival  rates  associated  with  cancers 
at  these  two  sites  are  high,  these  incidence  trends  are  not  reflected  in  the 
corresponding  mortality  trends.   Incidence  trends  for  cancers  closely  linked 
to  cigarette  smoking — namely,  lung  and  bladder  cancers — showed  an  increase  in 
the  1970s. 

There  is  evidence  that  5-year  patient  survival  rates  associated  with  some 
of  the  major  cancer  sites  have  been  increasing  in  recent  years.    Because  of 
the  need  to  observe  vital  status  for  a  number  of  years  after  diagnosis  to 
measure  patient  survival,  data  on  survival  rates  are  just  now  becoming  avail- 
able from  the  SEER  Program.   Among  patients  diagnosed  during  the  period  from 
1973  to  1979,  the  5-year  relative  survival  rate  for  white  females  with  cancer 
of  the  uterine  corpus  was  87  percent;  for  white  females  with  breast  cancer, 
72  percent;  for  white  males  with  prostate  cancer,  64  percent;  and  for  white 
patients  of  both  sexes  with  lung  cancer,  11  percent.   These  are  shown  in 
Figure  I-4a.   The  survival  rates  for  Black  patients  are  consistently  lower,  as 
indicated  in  Figure  I-4b.   Studies  are  now  being  carried  out  to  identify 
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Figure  I-2a 

Age-Adjusted  Cancer  Death  Rates*  for  Selected  Sites 

Males,  United  States,  1930-1977 
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Figure  I-2b 

Age-Adjusted  Cancer  Death  Rates*  for  Selected  Sites 

Females,  United  States,  1930-1977 


Fiffure  I-3a            TEN  MOST  COMMON  CANCERS 
^                                 SEER  PROGRAM  -  1973-77 

Incident  rale  Vfr  1110.000 

<aKr-«dju<tled  In  1970  (  .s.  Nlindard) 

1 

Lung  - 

20               40               M)               no               lOtt             120 

Prostate  - 

Colon-Rectum  - 

I^HHHH 

Bladder  - 

IHH 

Lymphomas  - 
Leukemias  - 

5                     WHITE 
^                      MALES 

Stomach  - 

■ 

Pancreas  -■■ 

Kidney  -■ 

Larynx  -  H 

Fifiure  I-3d         TEN  MOST  COMMON  CANCERS 
SEER  PROGRAM  -  1973-77 

lovldcnn  rilr  per  lOO.om 
liHr-idjiiiltd  III  l«T0  t  .N.  <»ii«ardl 

I 

20               40               M               no              100             lis 

Breast  - 

Colon-Rectum  -  BI^^^^B 

Corpus  - 
Lung  - 

■l^B 

■■ 

Ovary  - 
Cervix  - 

J                    WHITE 
■                   FEMALES 

Lymphomas  -^| 

Pancreas  -  ■ 

Leukemias  -  ■ 

Bladder  -■ 

FionrP  I  1h             TEN  MOST  COMMON  CANCERS 
Figure  I-JD                SEER  PROGRAM  -  1973-77 

Incidencr  nir  per  100.000 

luie-idjusled  In  l«70  1  .S.  MiadirdI 

( 

Lung  - 

Prostate  - 

Colon-Rectum  - 

Stomach  - 

Pancreas  - 

Esophagus  - 

20              40              Ml              M              100             120 

I^^BHHl 

BH 

^5                  BLACK 
^M                   MALES 

Bladder  - 

■i 

Larynx  - 

■ 

Leukemias  - 

■ 

Mult.  Myeloma  - 

■ 

Figure  I-3e 

g 

Breast  - 

Colon-Rectum  - 

Cervix  - 

Lung  - 

Corpus  - 

Pancreas  - 

Stomach  - 

Ovary  - 

Leukemias  - 

Mult.  Myeloma  - 

TEN  MOST  COMMON  CANCERS 
SEER  PROGRAM  -  1973-77 

IncidciKC  ralr  per  100.000 
(•■e-adlu^led  In  1970  (  .1.  Maadirdl 

20               40               M               no              100              120 

1                  1                  1                   1                  1                   1 

5                    BLACK 
■                    FEMALES 

■ 
■ 

■ 

Figure  I-3c 

Prostate  - 

Lung  - 

Stomach  - 

Colon-Rectum  - 

Pancreas  - 

Lymphomas  - 

Bladder  - 

Leukemias  - 

Kidney  - 

Brain  - 

TEN  MOST  COMMON  CANCERS 
SEER  PROGRAM  -  1973-77 

liH'idenic  rale  per  100.000 
laiie-adiiiMed  In  1970  I    ^.  MandardI 

20              40              no              Ml              IMI            120 

^*                 HISPANIC 
■                        MALES 

■ 

■ 

Figure  I-3f           TEN  MOST  COMMON  CANCERS 

SEER  PROGRAM  —  1973-77 

incidence  rale  per  100.000 

(a||e-ad|iiMed  In  1970  I'.S.  .landardi 

Breast  - 

)                20               40               60               M               100              110 

1                  1                   1                   1                   1                   1 

Colon-Rectum  - 

■H 

Cervix  ^ 

■H 

Lung  7 

■■ 

Stomach  - 
Pancreas  - 

2                   HISPANIC 
■                   FEMALES 

Ovary  - 

■ 

Corpus  - 

■ 

Gallbladder  - 

■ 

Lymphomas  - 

P 

Figure  1-3.  Ten  Most  Common  Cancers,  SEER  Program  —  1973-1977 


Table  I-la. 

Age- Adjusted  a  Cancer  Incidence  Rates  for  Selected  Cancer  Sites 
by  Sex  and  Year,  White  Patients 


Cancer  Site 

Sex 

Incidence  per  100,000 

Year  of  Diagnosis 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

Esophagus 

M 

4.9 

5.2 

4.8 

4.8 

4.4 

5.0 

5.0 

F 

1.6 

1.6 

1.6 

1.7 

1.6 

1.4 

1.8 

Stomach 

M 

13.8 

13.1 

12.7 

12.6 

11.6 

11.7 

12.2 

F 

6.1 

5.9 

5.4 

5.6 

5.2 

5.4 

5.6 

Colon  &  Rectum 

M 

53.0 

56.6 

53.8 

56.3 

57.6 

58.2 

58.4 

F 

41.0 

41.3 

42.6 

42.8 

43.3 

44.0 

42.9 

Pancreas 

M 

12.7 

11.2 

12.5 

11.5 

11.6 

11.1 

10.7 

F 

7.5 

8.0 

7.2 

8.0 

7.5 

7.0 

7.4 

Larynx 

M 

8.2 

8.4 

8.2 

8.7 

8.0 

8.3 

8.9 

F 

1.3 

1.4 

1.3 

1.3 

1.2 

1.7 

1.5 

Lung 

M 

72.3 

74.5 

76.4 

77.8 

79.4 

80.4 

79.7 

F 

17.7 

20.0 

21.8 

23.7 

24.5 

26.6 

27,9 

Breast 

F 

81.0 

92.5 

86.2 

83.5 

82.7 

83.7 

85.0 

Uterine  Cervix 

F 

12.6 

11.5 

10.7 

10.6 

9.5 

9.5 

9.2 

Uterine  Corpus 

F 

29.0 

31.1 

32.4 

31.2 

28.5 

27.6 

25.7 

Ovary 

F 

14.2 

14.9 

14.2 

13.6 

13.7 

13.7 

13.2 

Prostate 

M 

61.0 

62.1 

64.8 

68.6 

70.4 

71.9 

74.6 

Bladder 

M 

25.5 

27.1 

25.8 

26.4 

26.3 

28.1 

27.7 

F 

6.1 

6.9 

6.9 

7.3 

7.2 

7.4 

7.4 

Kidney 

M 

9.4 

9.1 

9.0 

9.6 

9.4 

10.1 

9.4 

F 

4.4 

4.1 

4.0 

4.8 

4.6 

4.1 

4.3 

Lymphoma 

M 

14.7 

14.2 

14.7 

13.8 

14.2 

15.4 

15.5 

F 

10.1 

10.5 

11.0 

11.2 

10.7 

11.2 

11.6 

Multiple  Myeloma 

M 

3.9 

4.1 

4.8 

4.4 

4.3 

4.1 

4.0 

F 

3.0 

3.0 

2.8 

3.3 

2.9 

2.9 

2.8 

Leukemia 

M 

13.2 

13.4 

12.5 

13.1 

11.7 

13.0 

12.2 

F 

7.8 

7.5 

7.3 

7,1 

7.6 

7.4 

7.1 

'  IV7()  U.S.  populalion  used  as  a  standard. 
Simrcc:  SEER  Program.  Iliometry  ilranch.  NCI. 


Table  Mb. 
Age-Adjusted  *  Cancer  Incidence  Rates  for  Selected  Cancer  Sites 
by  Sex  and  Year,  Blaclt  Patients 


Cancer  Site 

Sex 

Incidence  per  100,000 

Year  of  Diagnosis 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

Esophagus 

M 

13.2 

19.4 

18.4 

15.5 

16.9 

21.6 

19.9 

F 

5.2 

4.5 

3.0 

4.6 

5.3 

4.1 

4.6 

Stomach 

M 

27.2 

25.7 

21.7 

20.2 

19.8 

19.8 

23.0 

F 

9.7 

10.7 

10.4 

9.1 

9.6 

11.4 

9.9 

Colon  &  Rectum 

M 

43.1 

48.8 

45.3 

50.5 

57.0 

49.5 

50.5 

F 

41.4 

38.0 

43.6 

41.7 

40.5 

50.7 

44.9 

Pancreas 

M 

15.8 

20.8 

15.3 

17.9 

17.7 

17.0 

16.7 

F 

11.9 

11.7 

12.0 

11.5 

12.1 

9.8 

11.6 

Larynx 

M 

12.0 

10.6 

12.5 

13.7 

11.4 

11.6 

12.3 

F 

2.0 

2.1 

1.9 

1.3 

2.5 

2.4 

2.4 

Lung 

M 

108.4 

107.9 

107.4 

112.5 

112.7 

115.1 

112.7 

F 

21.7 

22.6 

21.7 

25.5 

28.4 

28.4 

29.9 

Breast 

F 

66.9 

77.1 

75.9 

67.7 

71.5 

73.6 

71.6 

Uterine  Cervix 

F 

30.3 

23.5 

27.2 

26.6 

22.2 

20.4 

23.5 

Uterine  Corpus 

F 

14.7 

14.1 

17.2 

15.4 

16.8 

16.2 

14.7 

Ovary 

F 

9.9 

9.3 

10.1 

9.1 

8.6 

9.1 

10.7 

Prostate 

M 

107.6 

97.8 

111.9 

108.4 

115.8 

114.6 

122.5 

Bladder 

M 

10.6 

12.3 

13.0 

14.0 

16.4 

15.2 

12.3 

F 

3.8 

6.0 

5.2 

6.4 

5.5 

4.7 

5.4 

Kidney 

M 

8.7 

8.0 

8.1 

9.0 

9.4 

9.8 

7.4 

F 

4.4 

5.0 

4.0 

3.9 

4.5 

5.0 

5.2 

Lymphoma 

M 

13.2 

11.0 

10.7 

9.6 

8.1 

10.5 

14.2 

F 

6.8 

5.9 

5.0 

5.5 

6.5 

5.8 

6.4 

Multiple  Myeloma 

M 

12.6 

10.2 

9.5 

9.2 

7.6 

9.2 

11.2 

F 

7.4 

6.9 

6.7 

6.8 

6.1 

6.7 

6.9 

Leukemia 

M 

12.5 

12.6 

11.4 

10.1 

10.0 

9.4 

10.0 

F 

8.3 

7.3 

6.4 

7.0 

5.6 

6.3 

7.0 

^  1970  U.S.  populuiion  used  as  a  standard. 
Source:  StHR  Program,  IJiomciry  Branch,  NCI. 
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factors  associated  with  differences  in  survival  between  specific  groups. 
Because  of  the  differences  in  the  populations  covered,  survival  rates  for 
patients  in  the  SEER  Program  cannot  be  compared  to  the  rates  for  patients  in 
previous  studies.   In  the  future  it  will  be  possible  to  look  at  the  time 
trends  of  survival  rates  of  patients  within  the  SEER  Program. 

Striking  improvements  in  cancer  patient  survival  are  attributable  to 
continuing  advances  in  chemotherapy.   An  example  from  the  SEER  Program  is  the 
change  in  patient  survival  following  treatment  of  nonseminomatous  testicular 
cancer  between  the  early  1970s  and  the  later  1970s.   Survival  rates  for  the 
first  2  1/2  years  after  diagnosis  increased  from  65  percent  among  those 
diagnosed  from  1973  to  1976  to  78  percent  among  those  diagnosed  from  1977  to 
1979.   Among  those  patients  whose  disease  had  spread  to  distant  sites,  the 
increase  in  survival  was  even  more  striking:   from  22  percent  to  56  percent 
for  those  two  time  periods. 

Although  some  causes  of  human  cancer,  such  as  cigarette  smoking  and  lung 
cancer,  have  been  identified  with  certainty,  others  remain  a  mystery.   Despite 
large  gaps  in  knowledge,  it  is  generally  believed  that  much  human  cancer  is 
related  to  environmental  influences,  including  lifestyle  practices.   This 
notion  is  derived  in  part  from  the  substantial  international  variation  in 
cancer  incidence,  and  the  dramatic  shifts  in  cancer  risk  among  migrant 
populations  as  they  adopt  customs  of  the  new  country.   Among  migrants,  the 
change  in  incidence  of  some  cancers,  notably  cancer  of  the  colon,  is  evident 
within  two  to  three  decades  of  migration,  whereas  the  change  for  other 
cancers,  such  as  breast,  occurs  over  more  than  one  generation.   Although 
variations  within  nations  are  not  as  great  as  those  seen  internationally,  the 
mapping  of  cancer  mortality  statistics  in  the  United  States  at  the  county 
level  revealed  geographic  peculiarities  that  have  prompted  recent  epidemio- 
logical studies  by  the  National  Cancer  Institute.   For  example,  the  clustering 
of  lung  cancer  in  certain  coastal  areas  has  been  linked  to  exposure  to 
asbestos  in  the  shipbuilding  industry,  especially  during  World  War  II.   The 
chronic  use  of  oral  snuff  has  been  identified  as  responsible  for  the  excess 
rates  of  oral  cancer  among  women  in  the  Southeast;  the  finding  is  worrisome  in 
view  of  the  recent  upswing  in  consumption  of  smokeless  tobacco  throughout  the 
United  States,  especially  among  teenagers.   The  increase  in  mortality  from 
esophageal  cancer  among  Black  males  has  been  related  to  heavy  consumption  of 
alcohol  and  to  nutritional  deficiencies.   Infectious  agents  have  received 
renewed  emphasis  because  of  recent  studies  associating  a  newly  discovered 
retrovirus,  HTLV,  with  a  rare  form  of  adult  T  cell  leukemia,  and  because  of 
the  possible  role  of  viruses  in  an  acquired  immunodeficiency  syndrome 
associated  with  Kaposi's  sarcoma  and  opportunistic  infections. 

Low-risk  populations  are  also  targets  for  investigation.   For  example, 
the  low  rate  of  mortality  from  colon  cancer  in  retirement  areas  of  Florida  is 
intriguing,  since  many  residents  migrated  South  from  high-risk  areas  of  the 
North.   Studies  are  under  way  to  evaluate  the  contributing  factors,  including 
the  possible  protective  effect  of  certain  nutritional  habits.   Special  efforts 
are  being  made  to  uncover  genetic  and  other  host  factors  that  predispose 
humans  to  cancer.   Recent  studies  have  identified  a  special  type  of  mole  that 
increases  the  risk  of  malignant  melanoma;  recognition  of  this  type  of  mole 
permits  the  early  diagnosis  or  prevention  of  this  often  fatal  cancer.   There 
is  a  growing  awareness  that  many  cancers  result  from  the  combined  effects  of 
multiple  environmental  exposures  and  states  of  susceptibility.   This  finding 
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is  consistent  with  multistage  models  in  which  different  risk  factors  acceler- 
ate the  transition  rates  at  various  stages  of  carcinogenesis.   Acceptance  of 
this  concept  expands  the  opportunities  for  identifying  causal  factors  and  for 
applying  preventive  measures  to  reduce  the  risk  of  developing  or  succumbing 
to  cancer.  Furthermore,  most  human  cancer  cells  have  chromosomal  or  other 
genetic  changes  arising  from  inheritance  or  damage  by  environmental  agents. 
Combined  with  new  tools  for  the  molecular  dissection  of  human  genes,  this 
knowledge  provides  reason  to  suspect  that  human  cancer  genes  will  be  identi- 
fied in  the  near  future,  thus  enabling  newer  approaches  to  preventing, 
detecting,  and  treating  cancer. 
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CHAPTER  II 

OVERVIEW  OF  THE  NATIONAL  CANCER  PROGRAM 

The  National  Cancer  Program  (NCP)  was  created  by  the  National  Cancer  Act 
of  1971.   The  latest  amendments  to  that  Act  (Public  Law  95-622,  November  9, 
1978)  define  the  NCP  as  follows: 

Sec.  402.  The  National  Cancer  Program  shall  consist  of 
(1)  an  expanded,  intensified,  and  coordinated  cancer 
research  program  encompassing  the  research  programs 
conducted  and  supported  by  the  Institute  and  the  related 
research  programs  of  the  other  research  institutes  and 
including  an  expanded  and  intensified  research  program 
for  the  prevention  of  cancer  caused  by  occupational  or 
environmental  exposure  to  carcinogens,  and  (2)  the  other 
programs  and  activities  of  the  Institute. 

In  addition  to  the  NCP's  focus  on  cancer  prevention  through  environmental 
and  occupational  studies,  the  Congress  identified  two  other  areas  of  emphasis. 
These  areas  are  (1)  basic  research  programs,  rather  than  targeted  research 
programs,  funded  primarily  through  contracts,  and  (2)  education  of  health  pro- 
fessionals and  the  general  public  concerning  both  the  factors  that  apparently 
lead  to  a  higher  risk  of  cancer  and  ways  to  avoid  them. 

This  chapter  contains  a  review  of  the  cancer-related  activities  of  the 
non-NCI  agencies  and  organizations  and  the  interagency,  interorganizational , 
and  international  mechanisms  for  the  coordination  of  these  activities.   NCI 
operations  and  programs  will  be  discussed  in  depth  in  subsequent  chapters. 


NON-NCI  ACTIVITIES 


Information  about  non-NCI  cancer-related  activities  was  compiled  from  a 
variety  of  sources,  some  of  which  provided  more  detail  than  others.   Because 
of  the  difficulty  in  collecting  accurate  data,  totals  have  been  estimated 
and  are  not  exact  amounts.   Where  necessary,  1981  funding  figures  were 
extrapolated . 

Information  about  the  cancer-related  activities  of  other  Institutes  at 
NIH  and  other  Federal  agencies  was  obtained  from  the  budget  and  planning 
offices  or,  in  some  cases,  from  program  directors. 

A  primary  source  of  information  about  cancer-related  activities  of  the 
States  is  the  annual  survey  conducted  by  the  National  Public  Health  Program 
Reporting  System.   This  system,  initiated  by  the  Association  of  State  and 
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Territorial  Health  Officials,  provides  comprehensive  and  uniform  national  data 
concerning  the  public  health  programs  of  the  States. 

Nonprofit  groups  represented  in  this  report  directly  submitted  descrip- 
tions of  their  activities  and  associated  funding. 

Information  about  organized  labor's  cancer  activities  was  obtained  from 
the  Workers'  Institute  for  Safety  and  Health,  an  arm  of  the  Industrial  Union 
Department,  American  Federation  of  Labor-Congress  of  Industrial  Organizations 
(AFL-CIO) .   There  is  no  primary  source  of  data  for  the  varied  components  of 
industry;  therefore,  the  information  reported  came  directly  from  the  companies 
cited.   Information  about  professional  organizations'  involvement  in  cancer 
was  supplied  by  the  various  groups  or  extracted  from  general  descriptions  of 
their  activities. 


Other  Institutes  of  NIH 

All  of  the  other  Institutes  of  NIH  are  engaged  in  cancer-related 
activities  costing  an  estimated  $137.1  million  in  FY  1982. 

The  National  Institute  of  Environmental  Health  Sciences  (NIEHS)  provided 
the  most  support  during  the  year  for  cancer-related  research — over  $58  millionj 
primarily  for  chemical  carcinogenesis  research.   The  NIEHS  cancer-related 
research  activities  deal  with  many  types  of  toxicity.   This  research  focuses 
on  the  assessment  of  selected  chemical  substances  for  carcinogenic  potential 
and  on  the  elucidation  of  mechanisms  by  which  chemicals  initiate,  promote,  or 
inhibit  carcinogenesis  at  the  molecular  level.   Included  are  studies  to 
develop  and  validate  in  vivo  and  in  vitro  carcinogenesis  test  systems,  cell 
tissue  and  organ  cultures  and  model  systems  for  chemical  carcinogenesis,  and 
test  systems  in  submammalian  species  for  detecting  carcinogenicity  as  well  as 
mutagenicity.   Efforts  are  under  way  to  characterize  biochemical  and  hormonal 
markers  for  preneoplasia  and  neoplasia,  the  effects  of  carcinogens  and  other 
chemicals  on  the  enzyme  system  that  activates  and  inactivates  carcinogens,  and 
the  binding  of  carcinogens  to  biological  macromolecules  such  as  DNA.   Some  of 
these  studies  are  associated  with  components  of  the  National  Toxicology 
Program  (NTP)  conducted  by  the  NIEHS. 

The  NTP  consists  of  the  relevant  toxicology  activities  of  NCI,  NIEHS,  the 
National  Center  for  Toxicological  Research  of  the  Food  and  Drug  Administra- 
tion, and  the  National  Institute  for  Occupational  Safety  and  Health  of  the 
Centers  for  Disease  Control.   The  Program  is  funded  by  all  of  these  agencies, 
and  its  activities  are  planned  and  carried  out  as  a  coordinated  effort  under 
the  leadership  of  the  Director  of  NIEHS,  who  serves  as  the  NTP  Program 
Director . 

As  a  participant  in  the  NTP,  NIEHS  has  the  responsibility  for  improving 
the  methodologies  available  to  establish  and  assess  the  toxicity  of  chemical 
agents.   The  NTP  is  responsible  for  providing  scientific  information  for  the 
prevention  of  human  disease  that  is  related  to  chemical  exposure.   Cancer- 
related  research  activities  within  this  program  are  reported  by  the  NIEHS  for 
the  first  time.   In  previous  years,  bioassay  testing  for  chemical  carcinogens 
was  an  NCI  activity;  however,  this  activity  and  its  funding  have  been 
transferred  to  NIEHS  as  part  of  the  NTP. 
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NIEHS  research  directed  toward  the  assessment  of  environmental  agents 
includes:   bioassays  on  suspected  carcinogens;  mutagen  tests;  studies  of 
short-term  in  vivo  liver  carcinogenesis  models;  epidemiological  studies  of 
cancer  morbidity  and  mortality,  primarily  in  industrial  cohorts;  studies  of 
smoking  as  an  interactive  factor;  in  vivo  research  on  genetic  susceptibility 
to  cancer;  time  and  dose/response  studies  of  single  and  multiple  carcinogens; 
and  research  on  natural  and  artificial  food  contaminants  and  on  the  potential 
toxicity  associated  with  food  processing.   NIEHS  also  supports  research  on  the 
mechanisms  of  cancer-related  diseases  through  studies  of  body  changes  at  the 
molecular  level;  the  biotransformation  of  chemically  inactive  components  to 
reactive  intermediates;  the  cellular  transformation  caused  by  primary 
carcinogens  or  reactive  intermediates;  the  occurrence  and  mechanism  of  DNA 
injury  and  repair;  the  enzyme  induction  effects  of  carcinogen  metabolism;  the 
pathological  effects  of  carcinogens  on  specific  organ  sites  such  as  lung, 
liver,  and  skin;  and  the  interaction  between  exposures  to  chemicals  and  to 
radiation. 

The  National  Institute  of  Allergy  and  Infectious  Diseases  (NIAID) 
provided  over  $27  million  for  cancer-related  research,  specifically  for 
research  on  the  immune  system  and  the  relationship  of  viruses  to  tumors.   The 
continuing  increase  in  funding  is  attributable  to  a  widening  perception  by 
many  investigators  of  the  importance  of  understanding  the  immune  system's 
basic  mechanisms  and  its  selective  manipulation  to  enhance  clearance  by  the 
body  of  foreign  material  such  as  cancer  cells.   A  second  important  area  of 
study  was  fundamental  tumor  virology,  including  the  genetic  transmission  and 
control  of  murine  retrovirus  infection  in  nature  and  the  relation  of  this 
group  of  viruses  to  spontaneous  neoplastic  disease,  as  well  as  studies  of 
herpesvirus  type  II  and  the  papovaviruses .   NIAID  has  supported  pharmacolog- 
ical studies  of  interferon  as  well  as  basic  studies  of  its  mechanism  of 
action.   Antibodies  are  being  produced  against  the  new  interferons,  and 
together  with  reagent  standards,  will  be  very  useful  in  comparison  studies. 

The  Division  of  Research  Resources  (DRR)  sponsors  many  cancer-related 
projects.   Funds  are  provided  by  the  Animal  Resources  Program  for  animal 
research  in  the  study  of  neoplasm  development;  inmiune  mechanisms;  and  exposure 
of  animals  to  carcinogenic  agents  such  as  hormones,  radiation,  and  toxic 
chemicals.   The  Biotechnology  Resources  Program  supports  technology  to  manage 
cancer  patient  data  or  tumor  registries,  to  study  the  structure  and  function 
of  carcinogenic  or  anticarcinogenic  agents,  and  to  evaluate  treatment  and 
diagnostic  methods.   Biomedical  Research  Support  grants  are  used  for  studies 
of  the  relationships  between  hormones,  nutrition,  or  carcinogenic  agents  and 
cancer;  of  various  modes  of  therapy  (chemotherapy,  immunotherapy,  radiation, 
or  surgery)  and  cancer  remission;  of  cell  structure  and  genetic  control;  and 
of  the  effects  of  various  diagnostic  methods  such  as  the  use  of  markers, 
antigens,  and  assays  to  detect  tumors.   In  addition,  these  grants  support 
epidemiological  studies  and  investigations  of  cancer  health  care  options. 
Clinical  investigations  into  various  modes  of  treatment  and  diagnosis  are 
funded  through  the  General  Clinical  Research  Centers,  which  also  study  the 
relationships  between  cancer  and  nutrition,  hormones,  or  heredity.   DRR's 
Minority  Biomedical  Support  Program  supports  several  basic  research  studies 
involving  carcinogens — toxicity  testing,  for  example. 

The  National  Institute  of  General  Medical  Sciences  (NIGMS)  supports 
studies  relevant  to  cancer  research  in  such  areas  as:   metabolism  of 
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xenobiotics;  nucleic  acid  biochemistry;  mutagenesis  and  DNA  repair;  regulation 
of  transcription  and  translation;  membrane  and  cell-surface  recognition  sites; 
and  cell  differentiation,  growth,  and  division. 

In  1982,  the  National  Heart,  Lung,  and  Blood  Institute  (NHLBl)  supported 
research  directed  toward  understanding  the  role  of  certain  vasoactive  mediators, 
particularly  protein  substances,  in  tumor  development.   It  is  hoped  that  a 
better  understanding  of  such  protease  systems  in  tumor  tissue  could  lead  to 
new  chemotherapeutic  approaches  for  treating  malignancies. 

Other  studies  supported  by  the  NHLBI  included  the  development  and  assess- 
ment of  radiopharmaceuticals  to  measure  tumor  turnover  and  the  level  of 
estrogen  receptors  in  breast  carcinoma;  investigations  in  animals  to  determine 
whether  changes  in  blood  volume  within  a  region  treated  by  radiotherapy  could 
be  used  as  early  indicators  of  response  to  that  therapy;  smoking  cessation 
maintenance  strategies  to  assess  abstinence  rates;  observations  of  vascular 
and  metabolic  changes  caused  in  tumors  by  certain  treatments;  basic  research 
on  pulmonary  cells  exposed  to  Adriamycin;  and  the  genetic  role  responsible  for 
an  enzyme  that  appears  to  induce  cell  resistance  to  methotrexate. 

The  NHLBI  and  the  NCI  are  funding  a  project  to  test  the  effect  of  aspirin 
on  the  prevention  of  myocardial  infarction  in  a  population  of  healthy  physi- 
cians.  The  project  also  aims  to  determine  the  influence  of  every-other-day 
doses  of  the  bioequivalent  of  30  mg  of  beta-carotene  on  cancer  incidence  by 
giving  this  dose  to  half  of  the  group  that  is  taking  aspirin. 

Projects  supported  by  the  National  Institute  of  Child  Health  and  Human 
Development  (NICHD)  comprise  both  basic  and  clinical  research.   The  mechanisms 
of  normal  and  abnormal  cell  growth  and  differentiation  are  being  investigated, 
including  studies  of  hormone  synthesis  and  secretion  of  pituitary,  ovarian, 
and  testicular  tumors;  experimental  induction  of  neural  tissue  tumors  using 
ethylnitrosourea;  and  the  effect  of  diethylstilbestrol  on  vaginal  and  cervical 
cell  development.   Other  basic  research  projects  are  concerned  with  the 
genetic  mechanisms  of  cell  growth  and  differentiation.   These  include  research 
on  gene  control  of  chemical  induction  of  carcinogenesis;  the  relationship 
between  a  specific  form  of  RNA  processing  and  malignancy;  the  cytogenetics  of 
a  cerebellar  medulloblastoma;  and  the  tumorigenic  potential  of  rodent  cells  in 
neoplastic  cell  transformation. 

The  NICHD  clinical  studies  are  concerned  with  both  children  and  adults. 
Among  the  pediatric  studies  are  research  on  acute  and  chronic  leukemias  and 
the  Wilms'  tumor  complex  as  well  as  research  on  the  identification,  epide- 
miology, and  prognosis  of  childhood  brain  tumors.   Most  of  the  adult  studies 
address  the  use  of  oral  contraceptives.   NICHD  supports  a  number  of  investi- 
gations to  determine  the  relative  risks  of  developing  malignant  melanomas, 
pituitary  adenomas,  or  reproductive  system  tumors  resulting  from  use  of  oral 
contraceptives.   Other  research  examines  progesterone  and  estrogen  receptor 
assays  in  the  management  of  breast  carcinoma. 

Research  into  the  diagnosis,  biology,  metabolism,  and  treatment  of  brain 
tumors  is  a  primary  program  of  the  National  Institute  of  Neurological  and 
Communicative  Disorders  and  Stroke  (NINCDS).   Primary  and  secondary  tumors  of 
the  central  and  peripheral  nervous  system  are  of  major  concern.   Specific 
project  areas  involve  the  use  of  positron  emission  tomography  (PETT)  as  a 


noninvasive  means  to  analyze  tumor  metabolism.   Whereas  computer-assisted 
tomography  (CT)  scanning  delineates  anatomical  variation  caused  by  a  brain 
tumor,  the  NINCDS  PETT  program  is  evaluating  the  metabolic  activity  within 
tumor,  as  well  as  normal  brain  tissue,  and  is  attempting  to  determine  varia- 
tions.  In  addition,  a  new,  higher-resolution  positron  scanner  (the  Neuro- 
PETT)  has  been  developed  at  the  NINCDS  and  is  now  being  used  to  study  intra- 
cerebral tumors.   The  Neuro-PETT  scanner  is  a  step  closer  to  in  vivo 
autoradiography. 

Scientists  are  producing  monoclonal  antibodies  with  high  specific 
activity.   These  antibodies,  designed  to  recognize  and  differentiate  tumor 
from  normal  brain,  can  then  be  used  for  the  study  of  the  early  development  of 
tumors  and  will  analyze  the  biochemistry  of  antigens  causing  antibody  reac- 
tions.  Monoclonal  antibodies  have  been  developed  against  neuroblastoma,  and 
patients  with  this  tumor  can  now  be  studied  in  greater  detail.   Using  the 
athymic  nude  mouse,  investigators  are  analyzing  the  predictive  potential  of 
direct  subcutaneous  transplants  of  human  brain  tumor. 

In  vitro  chemotherapy  sensitivity  studies  and  clinical  treatment  regimens 
using  nitrosoureas  are  being  carried  out.   Collaborative  research  into  the 
metabolic  products  of  nitrosourea  therapy  and  the  efficacy  of  azidiridinyl- 
benzoquinone  (AZQ)  and  CBDCA,  a  platinum  derivative,  is  under  way.   Intra- 
arterial therapy  is  also  being  explored. 

As  heterogeneity  becomes  a  major  concern  in  the  events  of  neoplastic 
disease,  efforts  are  directed  toward  basic  biochemical  research,  cell 
kinetics,  mechanisms  of  drug  sensitivity  and  resistance,  and  the  possibilities 
of  biological  modification  as  well  as  toward  the  control  mechanisms  related  to 
tumor  growth. 

Other  research  at  the  NINCDS  is  directed  toward  developing  both  diag- 
nostic and  serologic  tests  that  can  quantify  and  determine  the  severity  and 
the  rate  of  progression  of  nervous  system  disease  secondary  to  cellular 
damage.   Radiopotentiating  agents  may  be  able  to  increase  the  efficacy  of 
irradiation  in  the  treatment  of  tumors  and  are  therefore  being  carefully 
studied.   Additional  studies  include  the  use  of  ultrasonic  brain  imaging; 
quantitative  CT  scan  analysis  of  architecture,  water,  and  tissue  concen- 
trations associated  with  hydrocephalus  and  intracranial  pressure  resulting 
from  tumor;  experimental  models  of  intracerebral  tumors;  and  blood-brain 
barrier  pharmacodynamics  of  therapeutic  agents.   To  examine  the  effectiveness 
of  using  a  glucose  derivative  in  diagnosis,  patient  data  are  being  correlated 
with  tissue  culture  data. 

The  National  Eye  Institute  (NEI)  supports  research  on  the  diagnosis, 
treatment,  and  biology  of  ocular  tumors.   Currently,  the  Institute  is  funding 
studies  in  genetics,  immunology,  animal  models,  and  drug-delivery  devices. 
Scientists  are  seeking  to  determine  whether  the  enzyme  esterase  D  may  be  a 
genetic  marker  for  human  retinoblastoma.   Tumor  cell  lines  from  human  retino- 
blastoma cells  will  be  cultured  and  assayed.   Since  many  cases  of  retino- 
blastoma are  hereditary,  family  relationships  are  being  investigated,  with  ■ 
implications  for  family  counseling  and  prenatal  diagnosis. 

The  goal  of  several  NEI-supported  projects  concerned  with  immunologic 
mechanisms  is  to  determine  the  antigens  responsible  for  triggering  the  host's 
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immunologic  response  in  choroidal  melanoma  and  retinoblastoma.   In  other 
studies,  diagnostic  methods,  such  as  in  vitro  immunologic  responses  to  tumor- 
associated  antigens,  are  tested  for  their  ability  to  differentiate  patients 
with  ocular  melanoma  and  those  with  benign  and  metastatic  simulating  lesions. 
Tumor  models  of  melanoma  in  the  nude  mouse  are  being  studied  to  ascertain 
the  usefulness  of  radiotherapy  in  addition  to  enucleation.   In  one  project, 
polymers  and  ocular  devices  are  being  developed  in  the  form  of  hydrogel 
contact  inserts  for  use  in  sustained  delivery  of  anticancer  agents  to  the  eye. 
Such  devices,  implanted  in  the  vitreous,  would  allow  continuous  release  of 
drugs  directly  to  the  tumor  site. 

Researchers  are  investigating  the  possible  role  of  viruses  in  the 
development  of  intraocular  tumors,  as  determined  by  ultrastructural  and 
biochemical  studies.   In  another  study,  feline  virus  is  injected  in  cats  to 
produce  a  model  of  melanoma.   This  animal  model  could  prove  useful  in  testing 
new  diagnostic  and  therapeutic  techniques  that  could  be  adapted  for  use  with 
human  tumors . 

Using  established  cell  lines,  researchers  have  recently  made  progress  in 
understanding  the  biology  of  retinoblastoma  cells.   Investigators  in  two 
research  laboratories  have  demonstrated  the  presence  of  cellular  retinol  and 
retinoic  acid-binding  proteins  on  retinoblastoma  cells  grown  in  vitro.   The 
studies  should  prove  useful  in  determining  the  cell  of  origin  of  retino- 
blastoma and  should  provide  clues  to  the  therapeutic  management  of  the 
disease . 

To  investigate  the  long-debated  question  of  whether  it  is  better  to  treat 
tumors  in  the  eye  or  to  remove  the  eye,  NEI-supported  researchers  are  studying 
the  natural  course  of  untreated  uveal  melanoma  and  are  trying  to  evaluate  the 
effects  of  two  types  of  enucleation  in  such  cases  in  animal  models.   Among 
future  needs  in  eye  tumor  research  are  studies  of  the  epidemiology,  natural 
history,  optimal  therapy,  and  classification  of  malignant  cell  types.   Efforts 
to  develop  animal  models  of  choroidal  melanoma  are  considered  of  high 
priority. 

The  National  Institute  of  Dental  Research  (NIDR)  is  supporting  research 
on  the  role  of  herpes  simplex  virus  in  the  transformation  of  oral  tissue,  both 
with  and  without  cocarcinogens .   Moreover,  the  human  serum  of  patients  with 
oral  squamous  cell  carcinomas  is  being  examined  for  various  classes  of  immune 
globulins  against  herpesviruses.   Other  research  projects  are  investigating 
whether  there  is  an  increased  incidence  of  cancer  associated  with  human  allo- 
grafts and  are  studying  the  role  of  regional  lymph  nodes  in  oral  cancer.   The 
role  of  low-dose  x-irradiation  in  carcinogenesis,  both  with  and  without 
chemical  carcinogens,  is  the  subject  of  another  study  supported  by  the  NIDR. 
The  Institute's  research  program  addresses  factors  associated  with  hyperplasia 
and  normal  differentiation,  and  keratinization  of  oral  mucosa. 

The  National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and  Kidney 
Diseases  (NIADDK)  is  currently  funding  a  wide  variety  of  projects  related  to 
cancer  research.   Research  includes  investigations  of  the  regulation  of 
hormone  responsiveness  of  normal,  malignant,  and  otherwise  diseased  liver 
cells;  the  metabolism  and  biosynthesis  of  gastrin  and  its  role  in  the  regula- 
tion of  gene  expression  of  islet  cell  tumors  through  an  understanding  of  the 
mechanisms  surrounding  uncontrolled  cell  growth  as  it  occurs  in  malignancies; 
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complications  of  malignant  neoplasms  such  as  acute  renal  failure  and  thyroid 
disorders;  attempts  to  determine  the  mechanism  of  bone  marrow  damage  caused  by 
myelotoxins;  and  the  cellular  kinetics  and  growth  characteristics  of  human 
epidermal  cells  from  normal  individuals  and  from  those  with  various  benign 
and  malignant  skin  diseases  in  order  to  establish  a  model  for  chemotherapy. 
The  NIADDK  also  supports  research  to  improve  the  therapy  of  patients  with 
malignant  and  aggressive  bone  tumors  through  the  use  of  bone  and  osteo- 
articular  allografts.   Studies  concerning  the  effect  of  tumors  on  organ 
systems,  such  as  the  gastrointestinal,  endocrine,  and  musculoskeletal 
systems,  and  basic  research  on  the  way  cells  grow  and  change  will  continue 
to  be  funded . 

The  National  Institute  on  Aging  (NIA)  funds  research  related  to  aging  and 
cancer  in  a  broad  range  of  disciplines  such  as  immunology,  cell  biology, 
genetics,  biochemistry,  nutrition,  pharmacology,  and  endocrinology.   The 
Institute  supports  the  development  of  research  resources,  which  include 
standardized  cell  lines  and  aged  animals  for  research  on  aging  and  cancer. 
NIA  research  projects  include:   changes  in  sex  hormone  production  in  aging  men 
and  women  and  the  effects  on  target  organs,  changes  in  biochemical  regulatory 
mechanisms  during  aging,  the  effects  of  aging  and  declining  immune  response  on 
tumor  formation,  cessation  of  proliferation  in  normal  human  f ibroblast-like 
cells  in  vitro,  genetic  and  epigenetic  control  of  senescence  and  death  at  the 
cellular  level,  the  interrelationship  between  aging  and  carcinogenesis,  and 
changes  in  the  immune  system  with  age.   There  is  also  an  ongoing  study  of  the 
epidemiology  of  cancer  related  to  aging. 

The  National  Library  of  Medicine  (NLM)  provides  to  some  2,000  worldwide 
institutions  access  to  its  numerous  on-line  data  bases  and  data  files,  of 
which  three — CANCERLIT  (Cancer  Literature),  CANCERPROJ  (Cancer  Projects), 
and  CLINPROT  (Clinical  Protocols) — pertain  specifically  to  the  cancer  field. 
These  make  up  a  component  of  the  International  Cancer  Research  Data  Bank, 
specifically,  the  CANCERLINE  System,  which  is  a  computer-based  information 
system  that  links  cancer  information  stored  at  the  NLM  in  Bethesda,  Maryland, 
with  terminals  throughout  the  world.   Other  pertinent  on-line  files  and 
data  bases  include  MEDLINE,  HEALTH,  TOXLINE,  CHEMLINE,  Toxicology  Data 
Bank,  and  the  Registry  of  Toxic  Effects  of  Chemical  Substances.   In  addi- 
tion to  its  on-line  activities,  the  NLM  acquires,  catalogs,  and  indexes 
biomedical  literature,  including  cancer-related  materials,  for  its  extensive 
collection. 

The  Division  of  Computer  Research  and  Technology  (DCRT)  supports  several 
cancer-related  projects.   DCRT  has  designed  a  computer  system  that  is  aiding 
the  Laboratory  of  Viral  Carcinogenesis,  NCI,  in  trying  to  find  characteristics 
of  serum  samples  that  can  be  used  to  predict  cancer.   The  system  manages  all 
the  data  needed  for  efficient  inventory  control,  test  results  feedback,  and 
statistical  analysis  related  to  the  study. 

DCRT  is  aiding  the  Radiation  Oncology  Branch,  NCI,  in  providing  the  best 
methods  of  planning  automated  radiotherapy  treatment  by  finding  improved  ways 
of  isolating  diseased  areas  in  computerized  tomography  images. 

Also,  the  Division  is  collaborating  with  researchers  at  the  NCI  and 
elsewhere  in  studies  of  the  analysis  of  coupled  transport  and  biochemical 
kinetics  and  of  mathematical  modeling  of  binding  equilibria. 
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The  NIH  Clinical  Center  provides  several  specialized  programs.   The 
Rehabilitation  Department  offers  vocational  and  psychological  counseling  to 
cancer  patients  and  provides  therapy  to  patients  who  have  had  amputations  and 
axillary  dissections.   This  Department  also  conducts  programs  in  pain  manage- 
ment; surveillance  of  functional  cognitive  speech  and  language  status  in 
patients  receiving  radiation  treatment  and  chemotherapy;  and  the  development 
of  outcome  measurements  to  assess  the  impact  of  cancer  on  physical,  psycho- 
logical, and  vocational/educational  activities.   The  Audiology  Department 
monitors  patients  receiving  chemotherapy  for  hearing-related  side  effects, 
and  the  Blood  Bank  conducts  research  relevant  to  breast  cancer  and  leukemia. 
The  Clinical  Center  currently  administers  an  NCI  contract  for  HLA  typing  and 
plans  to  establish  an  in-house  capability  in  the  Blood  Bank  Department.   The 
Nuclear  Medicine  Department  makes  positron  emission  tomography  available  to 
researchers  and  has  plans  to  acquire  nuclear  magnetic  resonance  imaging 
technology. 

Funding  levels  for  cancer-related  activities  of  the  various  Institutes  of 
NIH  are  presented  in  Table  II-l . 

Other  Federal  Agencies 

Federal  agencies  other  than  the  National  Cancer  Institute  and  the 
National  Institutes  of  Health  conduct  cancer-related  activities  such  as 
etiology,  cell  biology,  epidemiology,  and  therapy. 

The  Department  of  Health  and  Human  Services  (DHHS) ,  which  includes  the 
National  Institutes  of  Health,  supports  cancer-related'  activities  through  the 
Alcohol,  Drug  Abuse,  and  Mental  Health  Administration  (ADAMHA) ;  the  Centers 
for  Disease  Control  (CDC);  the  Food  and  Drug  Administration  (FDA);  the  Health 
Resources  Administration  (HRA);  the  Office  on  Smoking  and  Health  (OSH) ;  and 
the  National  Center  for  Health  Statistics  (NCHS). 

ADAMHA  consists  of  three  Institutes,  each  of  which  supports  cancer- 
related  activities.   The  National  Institute  on  Drug  Abuse  (NIDA)  is  testing 
new,  potentially  less  addictive  analgesics  on  cancer  patients  and  is  also 
clinically  evaluating  naltrexone,  a  narcotic  antagonist,  for  possible  carcin- 
ogenicity.  The  National  Institute  on  Alcohol  Abuse  and  Alcoholism  (NIAAA) 
supports  epidemiological  studies  in  alcohol-related  cancers  as  well  as  research 
into  possible  mechanisms  of  the  development  of  alcohol-induced  cancers  and 
methods  for  their  prevention  and/or  early  detection.   Research  projects  sup- 
ported by  the  National  Institute  of  Mental  Health  (NIMH)  include  suudies  of 
the  behavioral  control  of  the  pain  and  nausea  experienced  as  side  effects  of 
cancer  chemotherapy  and  hyperthermia,  the  effects  of  stress  and  personality  on 
the  development  of  serious  illnesses  such  as  cancer,  the  behavioral  effects  of 
brain  tumors,  and  the  influence  of  prevention-oriented  messages  on  health 
attitudes  and  behavior.   The  NIMH  also  currently  supports  two  cancer-related 
clinical  studies,  one  concerning  the  effects  of  treatment  to  the  central 
nervous  system  on  the  intellectual  functioning  of  leukemic  children,  and  the 
other  on  the  adaptation  of  children  and  adults  to  research  hospitalization. 
In  addition,  basic  science  research  projects  are  in  progress. 

Three  major  components  of  the  Centers  for  Disease  Control  (CDC)  involve 
cancer-related  work:   the  Center  for  Environmental  Health  (CEH),  the  Center 
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Table  IM. 

Funding  of  Cancer-Related  Activities  by  Other 

Institutes  of  NIH  (FY  1982) 


NIH  Component 

Funding  (Thousands) 

Division  of  Research  Resources 

$   17,987 

National  Eye  Institute 

2,500 

National  Heart,  Lung,  and  Blood  Institute 

3,956 

National  Institute  of  Allergy  and  Infectious  Diseases 

27,777 

National  Institute  of  Arthritis,  Diabetes,  and  Digestive  and 

2,756 

Kidney  Diseases 

National  Institute  of  Child  Health  and  Human  Development 

2,564 

National  Institute  of  Dental  Research 

530 

National  Institute  of  Environmental  Health  Sciences* 

58,600 

National  Institute  of  General  Medical  Sciences 

10,900 

National  Institute  of  Neurological  and  Communicative  Disorders 

2,441 

and  Stroke 

National  Institute  on  Aging 

3,236 

National  Library  of  Medicine 

2,500 

Total 

$135,747 

(Note:  The  Division  of  Computer  Research  and  Technology  and  (he  Clinical  Center  are  funded  by  all  of  the  NIH  Institutes.) 
'Includes  funds  transferred  from  NCI  for  the  National  Toxicology  Program. 
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for  Health  Promotion  and  Education  (CHPE),  and  the  National  Institute  for 
Occupational  Safety  and  Health  (NIOSH) .   The  CEH  is  involved  in  studies  of  the 
causes  and  prevention  of  cancer.   Epidemiological  studies  have  focused  on 
cancer  clusters,  occupational  exposures,  and  radiation  exposures  in  order  to 
determine,  if  possible,  the  exact  relationship  between  exposure  and  cancer 
incidence.   Two  Epidemic  Intelligence  Service  Officers  have  been  assigned  to 
the  NCI  to  assist  in  epidemiologic  studies  assessing  chemoprevention.   The 
CHPE  maintains  several  health  education  programs  specifically  related  to 
cancer  prevention  and  detection  and  is  supporting  the  Cancer  and  Steroid 
Hormone  Study,  examining  the  effects  of  oral  contraceptive  use  on  the  risk  of 
breast,  endometrial,  and  ovarian  cancers.   NIOSH  has  the  responsibility  under 
the  Occupational  Safety  and  Health  Act  to  "develop  and  establish  recommended 
occupational  safety  and  health  standards"  and  to  perform  all  functions  of  the 
Secretary  of  HHS  assigned  under  the  Occupational  Safety  and  Health  Act.   As 
part  of  these  duties  NIOSH  recommends  criteria  for  recommended  standards  based 
on  the  best  scientific  information  possible.   NIOSH  also  comments  on 
occupational  safety  and  health  standards  proposed  by  the  Occupational  Safety 
and  Health  Administration  and  the  Mine  Safety  and  Health  Administration  of  the 
Department  of  Labor.   For  example,  under  active  consideration  by  OSHA  are 
revisions  to  the  occupational  cancer  policy  originally  adopted  in  1980.   NIOSH 
has  already  formulated  comments  and  statements  on  this  policy  and  has  also 
commented  on  other  Department  of  Labor  proposals  to  regulate  specific  occu- 
pational carcinogens.   Both  epidemiological  and  toxicological  research  on 
occupationally  induced  cancers  is  conducted  by  NIOSH.   The  toxicology  program 
includes  research  into  the  assessment  of  the  carcinogenic  potential  of  multi- 
ple chemicals  and  their  interactions,  and  studies  of  the  effects  of  occu- 
pational exposure  to  cancer-causing  agents  on  the  etiology  of  the  carcinogenic 
process.   The  epidemiological  studies  involve  assessment  of  cancer  risk  among 
occupational  groups,  examination  of  the  association  between  exposure  and 
cancer  within  specific  areas  of  the  country,  and  the  identification  of  car- 
cinogenic industrial  chemicals.   Similarly,  the  NCI  and  NIOSH  have  reported 
preliminary  findings  that  workers  in  oil  refineries  may  have  an  increased 
risk  of  brain  and  stomach  cancers  and  leukemia.   At  the  present  time,  these 
findings  are  considered  intriguing  but  inconclusive,  and  further  investigation 
is  in  progress . 

The  Food  and  Drug  Administration  (FDA)  sponsors  cancer-related  activities 
concerned  with  reducing  public  exposure  to  carcinogens  and  with  reviewing 
drugs  and  devices  for  the  treatment  of  cancer;  little  of  the  FDA's  research 
effort  is  devoted  to  the  study  of  cancer  as  a  disease.   Projects  related  to 
cancer  are  conducted  by  the  National  Center  for  Toxicological  Research  (NCTR) , 
the  National  Center  for  Drugs  and  Biologies  (NCDB) ,  the  Bureau  of  Radiological 
Health,  and  the  Bureau  of  Foods.   NCTR's  major  objective  is  to  perform 
research  that  will  lead  to  a  better  understanding  of  the  basic  biological 
processes  involved  in  chemical  toxicity  so  that  regulatory  judgments  and 
extrapolation  of  health  hazards  from  animal  models  to  humans  can  be  based  on 
sound  scientific  evidence.   The  NCDB  conducts  research  on  the  use  of  bio- 
logical products,  such  as  interferon  and  vaccines,  in  the  treatment  of  cancer. 
Research  into  the  health  effects  of  ionizing,  light,  and  radiofrequency  radia- 
tion is  conducted  by  the  Bureau  of  Radiological  Health.   The  Bureau  of  Foods' 
major  research  relating  to  cancer  is  the  development  of  reliable  methods  of 
analysis  for  detecting  trace  carcinogens  in  foods  and  feeds;  these  methods 
are  used  in  surveillance  and  compliance  activities  by  the  FDA  and  by  other 
regulatory  laboratories. 
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The  Health  Resources  Administration  (HRA)  is  currently  assessing  manpower 
requirements  for  selected  medical  and  surgical  specialties,  including  hema- 
tology and  oncology,  and  is  completing  a  physician  monograph  on  these  two 
specialties.   The  HRA  is  also  funding  a  program  primarily  designed  to  provide 
methods  and  materials  for  teachers  of  oncological  nursing.   Another  program 
prepares  nurses  to  work  with  terminally  ill  patients. 

The  Office  on  Smoking  and  Health  (OSH)  serves  as  the  focal  point  of  all 
DHHS  smoking  and  health  activities.   It  coordinates  all  aspects  of  DHHS 
smoking  education,  prevention,  and  research  efforts  and  supports  extensive 
public  education  and  information  dissemination  programs  on  smoking  and  health. 
Mass  media  efforts  have  been  directed  toward  encouraging  young  people  not  to 
take  up  smoking,  informing  smokers  of  the  potential  risks  associated  with 
smoking  and  the  advantages  of  quitting,  and  showing  people  who  continue  to 
smoke  how  to  do  so  with  less  risk  to  their  health.   The  total  budget  of  the 
OSH  (see  Table  II-2)  is  presented  as  cancer-related,  since  all  of  its 
activities  have  a  potential  effect  on  cancer  prevention. 

The  National  Center  for  Health  Statistics  (NCHS)  derives  cancer  infor- 
mation from  surveys  designed  to  collect  general  health  data  and  implements  a 
number  of  programs  in  which  data  specifically  concerning  cancer  are  collected. 
Cancer-related  activities  of  NCHS  have  included  the  collection  of  monthly  and 
annual  data  for  cancer-related  deaths  and  the  publication  of  information 
concerning  the  use  of  short-stay  hospitals  by  cancer  patients.   The  NCHS  is 
also  involved  in  a  project  funded  by  the  NCI  to  test  and  develop  design 
protocols  for  determining  the  costs  of  cancer  care. 

The  Environmental  Protection  Agency  (EPA)  conducts  research  to  assess  the 
presence  of  environmental  carcinogens  and  to  develop  an  exposure  monitoring 
system  that  would  readily  support  and  integrate  with  epidemiological  studies. 
The  ultimate  goal  of  this  research  is  to  understand  the  relationship  between 
environmental  carcinogens  and  cancer  incidence.   Other  cancer-related 
activities  supported  by  EPA  include: 

•  Examination  of  fibrous  amphiboles  associated  with  inhalation  exposure 

•  Development  and  implementation  of  short-term  bioassays  and  associated 
methodology  for  the  evaluation  of  environmental  carcinogens 

•  Development  of  short-term  animal  models  for  cancer-risk  assessment  and 
evaluation  of  the  potential  carcinogenicity  of  complex  air  pollutants 

•  Identification  of  contaminants  of  drinking  water  and  evaluation  of 
their  potential  carcinogenicity 

•  Development  of  chemical-specific  dosimeters,  such  as  blood  hemoglobin, 
for  carcinogens 

•  Environmental  assessments  and  control  technology  studies  of  energy- 
related  technologies 

•  Development  of  an  integrated  health  and  exposure  risk  analysis 
program  for  synfuels,  which  includes  the  prediction  of  cancer  risks 


25 


Table  II-2. 

Funding  of  Cancer-Related  Activities  by  Other 

Federal  Organizations  (FY  1982) 


Other  Federal  Organizations 

Funding  (Thousands) 

Consumer  Product  Safety  Commission 

$     2,500 

Department  of  Agriculture 

8,544 

Department  of  Energy 

79,000 

Department  of  Health  and  Human  Services  (Excluding  NIH) 

1 1 ,296 

Alcohol,  Drug  Abuse,  and  Mental  Health  Administration 

936 

Centers  for  Disease  Control 

4,270 

Food  and  Drug  Administration 

3,600 

Health  Resources  Administration 

586 

Office  on  Smoking  and  Health 

1,904 

Department  of  Labor 

Occupational  Safety  and  Health  Administration 

800 

Environmental  Protection  Agency 

16,661 

National  Science  Foundation 

6,000 

Nuclear  Regulatory  Commission 

1,600 

Veterans  Administration 

11,500 

Total 

$137,901 
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for  chemicals  associated  with  various  advanced  fossil  fuels  tech- 
nologies and  in  vitro  assessment  of  the  carcinogenic  potential  of 
chemical  toxicants  associated  with  the  production  and  utilization 
of  synfuels 

•  Determination  of  the  fate  and  effects  of  carcinogens  in  natural 
coastal  waters  and  natural  populations  of  fish  and  shellfish 

•  Determination  of  whether  aquatic  species  accumulate  and  convert 
procarcinogens  to  proximal  carcinogens  and  thus  pose  a  direct 
carcinogenic  threat  to  humans  through  the  consumption  of  seafood 

•  Development/application  of  short-term  detection  systems  for  identi- 
fication of  carcinogens  and  mutagens  in  complex  samples  (effluent, 
tissues,  sediments) 

•  Development/application  of  test  systems  employing  marine  organisms  for 
ecological  risk  assessment  relative  to  carcinogens  and  mutagens 

•  Analysis  of  data  related  to  cancer  risk  and  the  generation  of 
recommendations  concerning  those  risks  associated  with  suspected 
carcinogens . 

In  addition,  the  EPA  funds  a  number  of  studies  of  environmental  health  hazards, 
which  are  conducted  by  the  National  Academy  of  Sciences. 

The  U.S.  Department  of  Agriculture  (USDA)  conducts  agricultural,  plant, 
and  animal  research  related  to  human  cancer.   In  agricultural  research, 
studies  are  under  way  on  the  relationship  of  food  and  certain  of  its  constit- 
uents to  health  risks,  including  cancer;  on  retarding  the  growth  of  cancers; 
on  the  relationship  of  pesticides  and  tobacco  use  to  adverse  biological 
effects,  including  cancer;  and  on  the  detection,  monitoring,  and  control  of 
carcinogenic  agents.   Plant  research  related  to  human  cancer  includes  the 
collection  and  evaluation  of  plant  materials  from  around  the  world  as 
potential  sources  of  antitumor  agents,  and  the  chemical  isolation  and  bioassay 
of  plant  constituents  for  use  in  pest  control  and  medicine.   Animal  research 
includes  projects  on  genetic  susceptibility,  immunology,  transmission,  vaccine 
development,  and  the  biochemistry  of  poultry  and  bovine  cancers,  along  with 
the  evaluation  of  chemotherapeutic  agents  and  carcinogenic  compounds  in 
laboratory  animals.   The  USDA  data  base  on  food  composition  will  provide  the 
basis  for  the  design  and  monitoring  of  diet  intervention  trials  in  the  NCI 
Prevention  Program. 

The  Department  of  Labor's  Occupational  Safety  and  Health  Administration 
(OSHA)  has  responsibility  for  protecting  the  health  and  safety  of  American 
workers.   To  achieve  part  of  this  goal,  OSHA  sets  standards  for  workplace 
exposures  to  carcinogenic  substances.   To  develop  its  standards,  OSHA  must 
undertake  detailed  scientific  literature  and  data  reviews  to  determine  whether 
a  substance  is  a  potential  occupational  carcinogen  and  must  perform  risk 
assessments  to  determine  the  extent  to  which  occupational  exposure  should  be 
regulated.   In  the  past  year,  OSHA  reviewed  information  on  asbestos,  ethylene 
oxide,  ethylene  dibromide,  formaldehyde,  and  inorganic  arsenic  and  its 
compounds . 
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The  Department  of  Energy  supports  a  substantial  program  of  fundamental 
and  applied  research  to  evaluate  the  potential  cancer  risk  associated  with 
existing  and  developing  energy  technologies  for  nuclear,  fossil,  and  renewable 
energy  resources.   The  research  includes  epidemiological  and  occupational 
health  studies  to  quantify  the  risks  for  late  effects  of  acute  and  chronic 
exposures  to  energy-related  chemical  and  physical  agents,  studies  to  experi- 
mentally define  dose/response  relationships  and  the  factors  influencing 
carcinogenic  and  mutagenic  responses  to  energy-related  exposures,  and  a  risk 
analysis  program  to  quantify  the  interaction  between  energy  activities,  human 
health,  and  environmental  quality.   In  addition,  the  Nuclear  Medicine  Appli- 
cation Program  exploits  the  Department's  scientific  capabilities  to  develop 
new,  medically  useful  therapeutic  modalities  for  diagnosis  and  treatment  of 
human  diseases  such  as  cancer. 

The  Department  of  Defense,  comprising  the  Army,  Navy,  Air  Force,  and 
the  Defense  Nuclear  Agency,  supports  research  into  the  possible  toxicological 
effects  of  militarily  unique  compounds  such  as  fuels,  smokes,  and  structural 
material.   One  concern  of  such  research  is  the  possible  carcinogenic  effect. 
Cancer-related  clinical  investigations,  involving  approximately  82  separate 
protocols,  are  conducted  by  the  Navy's  Clinical  Investigation  Program  (CIP)  . 
These  studies  are  carried  out  at  four  CIP  Regional  Medical  Centers,  which 
function  as  satellites  of  National  Cooperative  Cancer  Groups.   The  Navy 
also  trains  four  physicians  a  year  in  hematology/oncology  and  one  physician 
a  year  in  gynecology/oncology.   Cancer-related  clinical  investigations  are 
also  conducted  by  the  Air  Force  through  participation  in  National  Oncology 
Study  Groups.   These  investigations  include:   detection  of  breast  cancer 
serum  antigens,  antiemetic  effects  of  marijuana  in  cancer  patients,  leuko- 
cyte adherence  inhibition  for  early  detection  of  lung  cancer,  efficacy  of 
pi-mesons  in  the  management  of  patients  with  inoperable  cancer,  and  a 
phase  II  study  of  the  treatment  of  metastatic  carcinoma  of  the  colon  with 
combination  chemotherapy.   The  Defense  Nuclear  Agency  is  involved  in 
epidemiological  studies  to  determine  the  possible  long-term  effects 
(including  carcinogenesis)  of  human  exposure  to  nuclear  weapons  testing. 

The  Veterans  Administration  (VA)  supports  research  conducted  by 
investigators  on  the  staff  of  VA  medical  centers  throughout  the  country. 
Much  of  this  research  addresses  the  cause,  diagnosis,  treatment,  and  pre- 
vention of  cancer.   Several  VA  medical  centers  are  involved  in  a  cooperative 
study  entitled  "Anticoagulants  in  the  Treatment  of  Cancer"  to  test  the 
concept  that  inhibition  of  coagulation  may  modify  the  growth  and  spread 
of  cancer. 

Technologies  developed  by  the  National  Aeronautics  and  Space  Admin- 
istration (NASA)  are  often  used  for  the  detection  and  treatment  of  cancer. 
NASA  is  presently  completing  a  study  about  the  production  of  hyperthermia 
in  tumors  and  another  about  measuring  tumor  temperature. 

The  National  Science  Foundation  (NSF)  supports  fundamental  research 
on  cell  division  and  its  regulation  in  normal  cells.   These  studies  are 
applicable  to  many  aspects  of  cancer  research,  since  they  are  necessary 
first  steps  in  elucidating  the  differences  between  cancer  cells  and  normal, 
healthy  cells.  These  differences,  once  established,  have  potential  use  for 
the  development  of  approaches  for  the  detection,  treatment,  and  prevention 
of  cancer. 
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The  Consumer  Product  Safety  Conunission  (CPSC)  is  an  independent  Federal 
regulatory  agency  responsible  for  all  phases  of  consumer  protection,  including 
reduction  of  the  incidence  of  chronic  diseases,  such  as  cancer,  associated 
with  hazardous  products.   The  CPSC  screens  chemicals  and  conducts  detailed 
hazard  and  economic  assessments  on  selected  products  that  contain  cancer- 
causing  agents  considered  likely  to  pose  the  greatest  risk,  and  considers 
control  options,  as  warranted.   The  agency  conducts  no  research  to  determine 
the  health  effects  of  chemicals  but  relies  upon  the  data  generated  by  other 
agencies  charged  with  this  function  as  well  as  by  industry.   The  CPSC  does, 
however,  conduct  research  into  the  exposure  and  release  mechanisms  of  selected 
chemicals  from  products.   Assessment  studies  are  in  progress  of  formaldehyde 
used  in  pressed  wood  products,  durable-press  finishes,  and  adhesives;  hazard- 
ous dyes,  including  benzidine  congener  dyes,  used  in  consumer  apparel  and 
other  products;  di-(2-ethylhexyl)phthalate,  used  in  polyvinyl  chloride  plas- 
tics; and  asbestos,  used  in  a  broad  range  of  consumer  products  and  appliances. 

The  Nuclear  Regulatory  Commission  (NRC)  conducts  research  into  the 
biological  and  health  effects  of  ionizing  radiation,  including  the  relation- 
ship between  exposure  to  ionizing  radiation  and  the  incidence  of  cancer. 
This  research  includes  projects  on  occupational  exposure  to  thorium  and 
uranium,  the  relative  biological  effectiveness  of  neutron  exposure,  and 
other  studies  relating  exposure  to  radionuclides  and  the  consequent  health 
effects . 

Although  the  National  Academy  of  Sciences  (NAS)  is  not  a  Federal  agency, 
it  is  chartered  by  the  Congress  to  advise  the  Federal  government.   In  the  past 
year,  the  NAS  conducted  analytic  studies  of  radiation  carcinogenesis  and 
genetic  effects  of  ionizing  radiation;  environmental  health  hazards,  such  as 
formaldehyde  and  other  aldehydes,  indoor  pollutants,  and  alkyl  benzenes;  and 
food  and  food  contaminants,  particularly  nitrate,  nitrite,  and  N-nitroso 
compounds.   A  2-year  study  commissioned  by  the  NCI  resulted  in  the  publication 
of  a  phase  I  report  entitled  "Diet,  Nutrition,  and  Cancer."   Research  cur- 
rently under  way  includes  studies  of  risk  assessment  of  chemical  mutagens; 
long-term  risks  from  short-term  exposure  to  carcinogenic  chemicals;  and  health 
risks  of  selected  drinking  water  contaminants,  including  several  carcinogens. 
In  addition,  work  is  presently  being  directed  toward  completion  of  the 
International  Histological  Classification  of  Tumors,  which  is  published  by  the 
World  Health  Organization  and  funded  by  NCI. 

Estimated  FY  1982  funding  of  cancer-related  activities  by  other  Federal 
organizations  is  presented  in  Table  II-2.   Several  organizations  whose  cancer- 
related  activities  are  described  in  the  preceding  paragraphs  are  not  included 
in  the  table  because  funding  for  these  activities  could  not  be  isolated  from 
other  expenditures. 


State  Governments 

State  and  Territorial  expenditures  for  cancer-related  activities  during 
FY  1982  were  approximately  $189  million.   Arriving  at  a  more  precise  figure  is 
difficult,  since  most  States  do  not  have  specific  cancer-related  programs,  and 
these  funds  cannot  be  isolated  from  those  expended  for  more  general  health 
activities,  such  as  chronic  disease  programs,  population  studies,  patient 
care,  and  environmental  and  occupational  health. 
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virtually  all  of  the  50  States  have  laws  pertaining  to  cancer  or  to 
health  areas  directly  related  to  cancer.   Some  States  have  passed  State  Cancer 
Control  Acts  that  outline  management  and  support  mechanisms  for  their  cancer 
programs.   Moreover,  many  States  have  internal  agencies  designated  to  admin- 
ister State  activities  under  the  Occupational  Safety  and  Health  Act. 

A  primary  cancer  activity  supported  by  State  funds  is  cancer  screening. 
Screening  activities  include  site-oriented  programs,  such  as  those  for 
cervical,  oral,  and  breast  cancer,  conducted  through  maternal  and  child 
health,  chronic  disease,  dental  health,  and  other  personal  health  programs. 
The  magnitude  of  this  program  is  apparent  from  the  following  statistics:   In 
1981,  41  State  and  Territorial  Health  Agencies  (SHAs)  screened  2,215,309 
persons  for  breast  cancer;  40  SHAs  screened  2,684,379  persons  for  cervical 
cancer;  21  SHAs  screened  128,830  persons  for  oral  cancer;  and  19  SHAs  screened 
123,495  persons  for  other  types  of  cancer. 

Another  important  cancer  activity  supported  by  the  States  is  tumor 
reporting.   A  1977  survey  revealed  that  31  States  had  established  cancer 
registries  or  reporting  systems,  and  an  additional  7  States  reported  plans  for 
implementing  statewide  systems.   Many  of  these  cancer  registries  and  reporting 
systems  receive  financial  support  from  sources  such  as  the  National  Cancer 
Institute's  Surveillance,  Epidemiology,  and  End  Results  (SEER)  Program  or  from 
State  medical  associations.   However,  all  of  these  systems  receive  a  comple- 
ment of  State  funding  for  their  operation. 

Some  States  have  established  cancer  centers:   Roswell  Park  Memorial 
Institute  (Buffalo,  New  York)  and  M.  D.  Anderson  Hospital  and  Tumor  Institute 
(Houston,  Texas)  are  examples.   Both  institutes  receive  funding  from  numerous 
sources  in  addition  to  their  respective  States;  as  Comprehensive  Cancer 
Centers,  they  have  programs  in  several  major  areas  including  laboratory, 
clinical,  and  epidemiological  research;  cancer  control;  and  training, 
education,  and  information  dissemination. 

Other  cancer-related  activities  supported  by  the  States  include  research, 
education,  and  information  dissemination.   Specific  examples  of  activities  in 
these  three  areas  are:   (1)  epidemiological  research  to  investigate  the  high 
rates  of  respiratory  cancer  in  Tidewater,  Virginia,  where  shipbuilding  has 
long  been  a  major  source  of  employment;  (2)  a  cancer  education  curriculum, 
which  is  available  in  all  of  the  District  of  Columbia  public  schools,  and 
smoking  cessation  classes  for  New  Mexico  State  personnel;  and  (3)  support  for 
cancer  communications  network  activities  in  New  York,  Kentucky,  and  Texas. 

Nonprofit  Organizations 

Many  voluntary  organizations  contribute  to  the  NCP.   One  of  the  largest 
is  the  American  Cancer  Society  (ACS),  which  complements  Government-supported 
efforts  with  its  comprehensive  program  of  research,  education,  and  patient  and 
community  services. 

In  1982,  ACS  programs  emphasized  the  causes  and  prevention  of  cancer. 
The  ACS  launched  a  new  Cancer  Prevention  Study,  CPSII.   The  6-year  study, 
which  began  in  the  fall  of  1982,  is  investigating  the  association  of  cancer 
with  air  and  water  pollution,  low-level  radiation,  diet,  drugs,  jobs,  and 
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other  factors.   Eighty-five  thousand  volunteer  researchers  are  asking 
1  million  Americans,  including  100,000  Blacks  and  35,000  Hispanics,  questions 
about  their  lifestyle  and  environment.   The  ACS  expanded  its  program  of 
Special  Institutional  Grants  for  Cancer  Cause  and  Prevention  Research,  which 
provides  5-year  support  for  the  study  of  environmentally  caused  cancers. 

Basic  scientific  studies  and  clinical  investigations  seeking  new  knowl- 
edge for  the  prevention  and  cure  of  cancer  were  also  supported.   These  studies 
included  testing  the  effects  of  interferon  against  certain  cancers.   Public  as 
well  as  professional  education  programs  were  supported.   The  National  Breast 
Cancer  Conference  for  medical  professionals,  along  with  a  Breast  Cancer 
Teach-in,  is  scheduled  for  the  spring  of  1983. 

During  1982  the  Society  intensified  its  antismoking  campaign.   The  ACS  is 
currently  working  with  the  Public  Broadcasting  System  to  produce  a  film  on 
teenage  smoking  that  will  be  aired  in  1983.   The  sixth  Great  American  Smokeout 
continued  to  encourage  Americans  to  quit  smoking.   Nationwide  employee  cancer 
education  programs  in  the  workplace  were  also  continued. 

The  ACS  has  increased  its  efforts  in  the  area  of  the  psychosocial  aspects 
of  cancer.   One  such  project  is  investigating  whether  mental  states  influence 
cancer,  and  there  are  plans  for  organizing  a  symposium  on  this  subject. 

Additional  efforts  have  been  directed  this  year  to  generate  cancer 
control  activities  that  reach  minority  populations.   The  second  national  Con- 
ference on  Cancer  and  Minorities  is  scheduled  for  the  spring  of  1983.   The 
focus  will  be  on  a  broad  range  of  groups  including  Blacks,  Hispanics,  Asians, 
and  American  Indians. 

The  Society  is  expanding  more  direct  programs  for  cancer  patients  and 
their  families  at  the  local  level.   A  new  program.  Road  to  Recovery,  has  been 
initiated  to  provide  transportation  for  cancer  patients  undergoing  treatment. 
Corporate  Angels  of  Mercy,  a  new  pilot  program,  provides  free  seats  on  private 
corporate  planes  for  patients  traveling  to  distant  treatment  centers.   The 
ACS  continued  to  emphasize  self-help  groups  and  rehabilitation  for  individuals 
who  have  had  mastectomies,  laryngectomies,  enterostomies,  or  ureterostomies. 

The  American  Lung  Association  funds  programs  directed  toward  smoking 
cessation  and  the  prevention  of  occupational  lung  cancer.   The  Association 
also  funds  cancer-related  research  on  lung  function  and  awards  fellowship  and 
training  grants  for  pulmonary  specialists  who  will  diagnose  and  treat  lung 
cancer  patients. 

The  Leukemia  Society  supports  cancer  research,  primarily  through  grants 
to  individual  researchers.   Current  grantees  are  working  in  the  fields  of 
virology,  chemotherapy,  genetics,  immunology,  and  the  basic  sciences.   In 
addition,  the  Society  supports  programs  in  patient  aid  and  public  and  profes- 
sional education.   The  National  Leukemia  Association  supports  research  efforts 
into  the  causes  and  cure  of  leukemia  and  provides  assistance  in  meeting  the 
expenses  incurred  in  leukemia  treatment.   The  Damon  Runyon-Walter  Winchell 
Cancer  Fund  awards  grants  and  sponsors  fellowships  that  enable  young  investi- 
gators to  pursue  the  biology,  prevention,  diagnosis,  and  treatment  of  human 
cancer.   Cancer-related  investigations  of  tumor-host  relationships,  cell 
biology,  biochemical  pharmacology,  and  immunology  are  conducted  by  the  Samuel 
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Roberts  Noble  Foundation  in  its  own  facilities;  in  addition,  the  Foundation 
contributes  to  scholarship  funds  and  research  awards. 

The  Skin  Cancer  Foundation  funds  skin  cancer  research  projects  and  sup- 
ports postgraduate  fellowships  for  the  training  of  physicians  in  the  treatment 
of  skin  cancers.   The  Foundation  has  an  active  program  of  public  information 
messages  and  educational  materials  to  educate  the  public  in  the  preventive 
measures  and  early  warning  signs  of  skin  cancer.   Educational  seminars,  work- 
shops, and  medical  conferences  sponsored  by  the  Foundation  include  the  first 
World  Congress  on  Cancers  of  the  Skin,  to  be  held  in  May  1983. 

Grants  for  research  related  to  the  control  and  cure  of  cancer  are 
awarded  by  the  Elsa  U.  Pardee  Foundation,  while  the  Council  for  Tobacco 
Research  supports  studies  on  interferon  as  well  as  on  the  etiology  of  lung 
cancer. 

The  Interferon  Foundation  purchases  interferon  for  the  treatment  of 
cancer  patients  in  research  programs,  awards  research  grants,  and  sponsors 
research  aimed  at  developing  gamma  interferon. 

Cancer  research  is  supported  by  the  Fannie  E.  Rippel  Foundation,  which 
also  helps  finance  equipment  for  and  construction  of  cancer  laboratories  in 
various  institutions.   The  Carcinogen  Information  Program  researches  and 
prepares  educational  material  on  new  developments  in  the  carcinogen  field. 
The  National  Cancer  Cytology  Center  pursues  the  control  of  cancer  through 
early  detection  programs;  laboratory  and  clinical  research,  particularly  the 
investigation  of  tumor  immunology;  and  public  and  professional  education.   For 
example,  in  1982,  the  Center  distributed  free  lung  cancer  education  kits. 
Public  and  professional  education  and  research  grants  are  also  supported  by 
the  United  Cancer  Council,  a  federation  of  cancer  agencies. 

The  Rockefeller  Foundation  sponsors  research  and  fellowships  in  clini- 
cal epidemiology.   The  American  Nurses'  Foundation  awards  grants  to  nurses 
for  research  projects.   Some  funded  research  is  related  to  the  care  of  cancer 
patients.   The  Burroughs  Wellcome  Foundation  supports  postdoctoral  fellows  in 
cancer  research  and  studies  related  to  leukemia  and  tumors.   The  J.  M. 
Foundation  supports  molecular  biology  studies  in  oncology,  pharmacology,  and 
immunology.   Together  with  Grantmakers  in  Health,  the  Foundation  sponsored  a 
symposium  about  basic  research  on  cancer.   The  Cancer  Federation  funds 
conferences   and  research  on  cancer  immunotherapy  and  the  emotional  and 
psychological  aspects  of  cancer. 

Other  sponsors  of  research  projects  and  training  fellowships  include  the 
Anna  Fuller  Fund,  the  Jane  Coffin  Childs  Memorial  Fund,  the  Weingart  Founda- 
tion, and  the  Helen  Hay  Whitney  Foundation. 

The  Robert  Wood  Johnson  Foundation  directs  its  efforts  toward  improving 
health  care  in  the  United  States.   Several  projects  that  are  designed  to  help 
cancer  patients  maintain  or  regain  maximum  functioning  in  their  everyday  lives 
were  supported  in  1982  through  the  Foundation's  Medical  Practice  Research  and 
Development  Program.   A  grant  was  also  awarded  to  a  large  cancer  center  to 
fund  an  examination  of  the  feasibility  of  designing  an  adult  day  hospital  for 
cancer  patients  as  an  alternative  to  inpatient  care.   This  study  is  also 
financed  by  the  Henry  J.  Kaiser  Family  Foundation. 
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Several  foundations — Elmer  and  Mamdouha  Bobst  Foundation,  Sherman 
Fairchild  Foundation,  Hess  Foundation,  Christian  A.  Johnson  Endeavor  Founda- 
tion, Charles  H.  Revson  Foundation,  Alfred  P.  Sloan  Foundation,  Reader's 
Digest  Foundation,  and  Norman  and  Rosita  Winston  Foundation — have  sponsored 
research  and  fellowships  at  cancer  centers. 

The  American  Health  Foundation  is  concerned  exclusively  with  preventive 
medicine.   Work  at  the  Foundation's  research  center  concentrates  on  the  rela- 
tionships of  cigarette  smoking,  nutrition,  and  other  environmental  factors  to 
cancer.   The  Foundation  also  sponsors  a  "Know  Your  Body"  program,  which  is  a 
health  education  curriculum  designed  to  motivate  school  children  to  adopt  more 
healthful  lifestyles  and  to  feel  responsible  for  the  care  of  their  own  bodies. 
The  Armand  Hammer  Foundation  has  recently  announced  that  it  will  award  grants 
and  prizes  amounting  to  $2  million  during  the  next  10  years  to  scientists  who 
help  advance  medicine  toward  a  cancer  cure. 

Various  nonprofit  organizations  are  effective  in  areas  outside  research; 
for  example,  the  Candlelighters  Foundation  and  Make  Today  Count  are  inter- 
national networks  of  self-help  groups  of  parents  and  families  of  cancer 
patients.   The  Breast  Cancer  Advisory  Center  provides  referrals  to  health 
professionals  and  information  about  detection,  diagnosis,  treatment,  and 
physical  and  psychological  rehabilitation  in  cases  of  breast  cancer.   The 
National  Council  of  Catholic  Women  is  actively  promoting  a  public  education 
program,  "Progress  Against  Breast  Cancer,"  which  was  prepared  by  the  NCI  to 
increase  public  awareness  of  progress  against  breast  cancer  and  to  increase 
individual  detection  practices  and  physician  consultation.   A  volunteer 
group,  Cancer  Connection,  operates  a  variety  of  services  for  cancer  patients. 
Among  these  services  is  the  newly  opened  R.  A.  Bloch  Cancer  Management  Center, 
which  offers  cancer  patients  detailed  and  thorough  reviews  of  their  cases 
by  a  multidisciplinary  panel  of  doctors.   In  addition,  the  Cancer  Hotline, 
staffed  by  cancer  victims,  offers  support  to  recently  diagnosed  cancer 
patients.   Professional  counseling  and  guidance  to  help  cancer  patients 
and  their  families  cope  with  the  psychological  and  economic  consequences 
of  cancer  are  provided  by  the  National  Cancer  Foundation.   The  Foundation 
plans  to  expand  its  community  education  activities  and  to  update  research 
on  the  social,  economic,  and  psychological  effects  of  catastrophic  illness 
on  families. 

Table  II-3  is  a  summary  of  the  funds  allocated  by  each  nonprofit 
organization  for  cancer-related  programs. 

Labor 

Organized  labor  is  actively  involved  in  cancer-related  activities. 
Unions  have  safety,  health,  and  education  programs  as  well  as  intervention 
projects  for  workers  at  high  risk  for  cancer,  and  sponsor  scientific  studies 
in  addition  to  participating  in  research. 

A  national  coordinating  body  for  union  cancer  policies  is  the  American 
Federation  of  Labor-Congress  of  Industrial  Organizations  (AFL-CIO) .   The 
AFL-CIO's  Department  of  Occupational  Safety  and  Health  approaches  the  problem 
of  cancer  primarily  through  interaction  with  regulatory  agencies  and  the 
Congress,  public  education,  and  interunion  policy  coordination. 
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Table  II-3. 

Funding  of  Cancer-Related  Activities  by  Nonprofit 

Organizations  and  Foundations  (FY  1982) 


Organization 

Funding  (Thousands) 

Alfred  P.  Sloan  Foundation 

$        100 

American  Cancer  Society 

200,838 

American  Health  Foundation 

1,490 

American  Lung  Association 

8,493 

American  Nurses'  Foundation 

6 

Anna  Fuller  Fund 

407 

Breast  Cancer  Advisory  Center 

14 

Burroughs  Wellcome  Fund 

236 

Cancer  Care 

3,843 

Cancer  Connection 

20 

Cancer  Federation 

38 

Carcinogen  Information  Program 

7 

Charles  H.  Revson  Foundation 

100 

Christian  A.  Johnson  Endeavor  Foundation 

100 

Damon  Runyon-Walter  Winchell  Cancer  Fund 

2,272 

Elmer  and  Mamdouha  Bobst  Foundation 

100 

Elsa  U.  Pardee  Foundation 

1,071 

Fannie  Rippel  Foundation 

862 

Helen  Hay  Whitney  Foundation 

66 

Henry  J.  Kaiser  Family  Foundation 

100 

Hess  Foundation 

100 

Interferon  Foundation 

1,995 

Jane  Coffin  Childs  Memorial  Fund 

848 

J.M.  Foundation 

138 

Leukemia  Society 

5,728 

Make  Today  Count 

13 

National  Cancer  Cytology  Center 

260 

National  Leukemia  Association 

387 

Norman  and  Rosita  Winston  Foundation 

100 

Reader's  Digest  Foundation 

100 

Rockefeller  Foundation 

131 

Robert  Wood  Johnson  Foundation,  The 

973 

Samuel  Roberts  Noble  Foundation 

1,480 

Sherman  Fairchild  Foundation 

100 

Skin  Cancer  Foundation 

350 

Tobacco  Research  Council 

6,000 

United  Cancer  Council 

1,750 

Total 

$240,616 
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Occupational  cancer  and  the  need  to  address  it  through  regulation  and 
legislation  were  the  focus  of  the  second  AFL-CIO  National  Conference  on 
Occupational  Safety  and  Health  in  May  1982. 

The  AFL-CIO 's  Department  of  Occupational  Safety  and  Health  has  supported 
individual  union  petitions  to  the  Federal  Occupational  Safety  and  Health 
Administration  (OSHA)  for  standards  on  workplace  exposure  to  carcinogenic 
agents.   The  Department  has  also  been  actively  involved  in  proposed  changes  in 
OSHA  Cancer  Policy  and  the  proposed  rule  that  workers  have  the  right  to  know 
the  identity  of  carcinogens  and  other  toxic  substances  to  which  they  are 
exposed . 

The  Industrial  Union  Department  (lUD)  of  the  AFL-CIO  has  established  a 
State-level  legislative/public  information  campaign,  the  OSHA/Environmental 
Network,  dealing  with  occupational  and  environmental  cancer  to  support  its 
efforts  to  prevent  exposure;  manage  populations  at  high  risk;  and  initiate  the 
social,  legal,  and  financial  support  necessary  for  effective  notification, 
screening,  surveillance,  and  clinical  intervention.   Published  studies  in 
support  of  this  effort  include  those  dealing  with  the  international  control 
for  benzidine  regulation,  management  of  populations  at  high  risk  in  the 
chemical  industry,  professional  codes  of  behavior,  and  risk  assessment.   The 
results  of  a  study  of  a  method  of  international  carcinogen  regulation  are 
being  published. 

Directly  and  through  its  60  affiliates,  the  lUD  assists  and  stimulates 
broad  worker  education  programs.   The  lUD's  allied  Labor  Policy  Institute 
conducts  conferences  for  labor,  management,  government,  and  academic  decision- 
makers on  basic  policy  issues,  most  recently  on  the  environment  of  the 
workplace  and  human  values. 

A  feasibility  study  is  under  way  to  explore  the  designation  of  occupa- 
tional cancer  diagnostic  centers  for  deprived  populations  in  rural  and 
industrial  areas.   The  centers  would  be  financed  primarily  in  the  private 
sector,  outside  the  structure  of  organized  labor  and  independent  of  Government 
efforts.   To  assist  in  this  and  allied  projects,  the  lUD  has  established  the 
Foundation  for  Occupational  Disease  Research. 

The  Workers'  Institute  for  Safety  and  Health  is  the  primary  technical 
resource  for  the  American  labor  movement  and  is  involved  in  nearly  all  union 
health-related  duties.   The  Institute  was  established  by  the  Industrial  Union 
Department,  the  Ohio  AFL-CIO,  and  other  groups  within  the  labor  movement  to 
provide  a  center  of  expertise  as  a  resource  to  labor  unions  on  a  broad  range 
of  technical  and  scientific  matters  related  to  occupational  safety  and  health. 
A  large  portion  of  the  Workers'  Institute's  activities  are  directly  related  to 
occupational  cancer.   Through  its  NCI-funded  intervention  project  for  high-risk 
workers  exposed  to  carcinogens,  the  Institute  is  determining  the  feasibility 
of  setting  up  community-based  and  union-based  programs  for  early  detection  and 
treatment  of  job-related  cancers,  and  support  systems  for  victims  and  their 
families  to  help  them  cope  with  the  disease.   The  Institute's  computerized 
data  search  project  provides  unions  with  up-to-date  information  on  the  state 
of  scientific  knowledge  regarding  potential  cancer  hazards  posed  by  workplace 
chemicals.   Further,  a  large  portion  of  the  Institute's  educational  and  tech- 
nical consulting  activities  are  directed  toward  the  detection  and  control  of 
workplace  cancer  hazards. 
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During  1982,  individual  unions  and  labor  organizations  continued  to 
conduct  programs  of  training  and  technical  assistance  for  local  unions  and 
their  members,  dealing  in  whole  or  in  part  with  the  recognition  and  control  of 
carcinogens  in  their  workplaces.   The  unions  have  contributed  an  estimated 
$3.5  million  to  these  training  programs  since  they  were  originally  initiated 
by  OSHA  and  the  National  Cancer  Institute  under  the  New  Directions  Program. 
Labor  organizations  conducting  cancer-related  training  and  technical 
assistance  programs  in  FY  1982  included: 


Allied  Industrial  Workers 
Amalgamated  Clothing  and  Textile 

Workers  Union 
American  Federation  of  Government 

Employees 
American  Federation  of  State,  County 

and  Municipal  Employees,  District 

Council  37 
Colorado  Building  and  Construction 

Trades  Council,  AFL-CIO 
Communication  Workers  of  America 
Food  and  Beverage  Trades  Department, 

AFL-CIO 
Graphic  Arts  International  Union 
International  Association  of  Fire 

Fighters 
International  Association  of 

Machinists  and  Aerospace  Workers 
International  Brotherhood  of  Painters 

and  Allied  Trades 
International  Chemical  Workers  Union 
International  Ladies'  Garment  Workers 

Union 
International  Longshoremen's  and 

Warehousemen's  Union 
International  Molders  and 

Allied  Workers  Union 
International  Union  of  Operating 

Engineers 


National  Union  of  Hospital  and 

Health  Care  Employees, 

District  1199 
Oil,  Chemical  and  Atomic  Workers 

International  Union 
St.  Louis  Labor  Council,  AFL-CIO 
Teamsters  Local  2707 
United  Automobile  Workers 
United  Brotherhood  of  Carpenters 

and  Joiners  of  America 
United  Cement,  Lime  and  Gypsum 

Workers  International  Union 
United  Electrical,  Radio  and 

Machine  Workers  of  America 
United  Food  and  Commercial 

Workers  International  Union 
United  Furniture  Workers  of 

America 
United  Paperworkers  International 

Union 
United  Rubber  Workers 
United  Steelworkers  of  America 
United  Union  of  Roofers,  Water- 

proofers  and  Allied  Workers 
Utility  Workers  Union  of 

America 


An  example  of  technical  assistance  is  the  United  Automobile  Worker's 
Cancer  Response  Program,  which  investigates  job-related  cancer  incidences. 
When  a  local  union  observes  an  unusual  or  suspicious  cancer  experience,  the 
International  Union's  Department  of  Occupational  Safety  and  Health  provides 
the  local  with  information,  support,  and  guidance  to  confirm  or  deny  the 
existence  of  job-related  cancer.   There  are  currently  over  40  ongoing  cancer 
investigations.   The  Union  has  widely  distributed  its  book.  The  Case  of  the 
Workplace  Killers:   A  Manual  for  Cancer  Detectives  on  the  Job. 

In  addition  to  education  and  technical  assistance  activities,  unions  and 
other  labor  organizations  are  involved  in  research,  medical  programs,  and 
legislative  and  regulatory  activities  to  address  their  members'  workplace 
exposures  to  carcinogenic  agents. 
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Unions  studying  cancer  mortality  among  their  members  include: 


International  Ladies'  Garment  Workers  Union  (ILGWU) 

International  Union  of  Bricklayers  and  Allied  Craftsmen 

Oil,  Chemical  and  Atomic  Workers  International  Union 

Operative  Plasterers  and  Cement  Masons  International  Association 

United  Association  of  Plumbers  and  Pipefitters 

United  Automobile  Workers. 


Medical  surveillance  programs  and  medical  monitoring  studies  are  being 
conducted  for  workers  exposed  to  specific  cancer  hazards.   For  example,  the 
ILGWU  is  concerned  about  worker  exposure  to  benzidine-based  dyes,  formalde- 
hyde, and  other  carcinogens.   The  American  Flint  Glass  Workers,  in  coopera- 
tion with  the  Pittsburgh  Corning  Corporation,  is  providing  medical  surveil- 
lance, referral,  and  counseling  to  workers  who  have  been  exposed  to  asbestos. 
In  addition,  the  United  Rubber,  Cork,  Linoleum  and  Plastic  Workers  of 
America  has  workplace  medical  monitoring  programs  tailored  to  specific 
cancer  hazards. 

Screening  for  early  detection  of  cancer  is  conducted  for  employees  of  the 
Pattern  Maker's  League  of  North  America.   Previous  stqdies  showed  that  pattern 
and  model  makers  are  at  substantially  increased  risk  of  contracting  colorectal 
cancer,  although  the  etiological  agent  is  as  yet  unidentified.   Cancer 
screening  of  workers  exposed  to  asbestos  is  provided  for  the  International 
Association  of  Heat  and  Frost  Insulators  and  Asbestos  Workers. 

To  protect  their  workers,  several  unions  have  petitioned  the  Occupational 
Safety  and  Health  Administration  for  emergency  temporary  exposure  standards: 
the  International  Brotherhood  of  Teamsters  for  ethylene  dibromide;  the 
American  Federation  of  State,  County  and  Municipal  Employees  for  ethylene 
oxide;  and  the  United  Automobile  Workers  for  formaldehyde. 

Industry 

Many  industries  conduct  cancer-related  activities,  although  it  is  diffi- 
cult to  obtain  specific  program  and  financial  information  from  every  one; 
therefore,  only  representative  examples  are  described.   The  activities 
supported  by  industry  comprise  in-house  research  and  occupational  safety  and 
health  programs,  grants  to  individuals  and  research  institutions,  and 
contributions  to  foundations  and  charities. 

Industry  provides  merit  awards  for  outstanding  cancer  research:   Bristol- 
Myers  presents  an  annual  cash  prize  of  $50,000,  and  General  Motors  (GM)  gives 
three  awards  every  year  of  $100,000  each  in  the  areas  of  cancer  treatment  or 
diagnosis,  cancer  prevention,  and  basic  science  as  it  relates  to  cancer.   In 
addition  to  its  awards,  GM  contributes  to  a  cancer  center,  as  does  the  Ford 
Motor  Company. 

Bristol-Myers  also  awards  research  grants  to  universities  and  research 
centers  for  cancer  studies.   Each  year,  a  different  recipient  institution 
sponsors  the  Bristol-Myers  Annual  Sjrmposium  on  cancer  research.   In  FY  1982, 
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the  topic  was  "Tumor  Cell  Heterogeneity."   The  company  also  markets  anticancer 
drugs  for  chemotherapy  and  implants  that  are  used  to  replace  diseased  joints. 

Occupational  cancer  risks  are  the  subject  of  epidemiological  studies  con- 
ducted by  numerous  companies,  including  automobile  manufacturers  and  chemical 
industries.   GM  is  completing  the  followup  examinations  of  5,000  pattern  and 
model  shop  employees  in  its  cancer  screening  program.   The  Chrysler 
Corporation  and  Ford  Motor  Company  are  also  studying  occupational  cancer  risks 
faced  by  their  employees. 

Du  Pont  has  an  epidemiological  surveillance  program,  under  which 
70  company  sites  are  periodically  analyzed  to  ascertain  whether  the  employees 
have  a  significant  excess  of  any  type  of  cancer.   If  necessary,  additional 
studies  are  done  to  determine  whether  the  excess  is  work-related.   Cohort 
studies  of  employees  who  have  been  exposed  to  known  or  suspected  carcinogens 
are  conducted.   Du  Pont  has  maintained  a  cancer  registry  since  1956,  and  com- 
pany employees  are  participating  in  an  NCI  cytology  screening  program  for 
bladder  cancer.   It  is  also  collaborating  in  the  formaldehyde  study  being 
conducted  by  the  NCI  and  the  Formaldehyde  Institute. 

The  Gulf  Oil  Corporation  and  the  American  Petroleum  Institute  (API)  also 
carry  out  epidemiological  studies.   The  API  has  completed  a  5-year  update  (to 
1976)  of  an  earlier  retrospective  mortality  study  of  refinery  workers.   A 
further  follow-up  of  these  workers  for  another  5  years  is  planned. 

Various  companies  conduct  research  in  toxicology.   One  Du  Pont  project 
is  aimed  at  developing  and  validating  in  vitro  tests  for  mutagenicity  and 
chromosome  damage  and  for  screening  chemicals  for  mutagenicity  and  carcino- 
genicity.  Other  projects  include  studies  of  rodents  exposed  to  chemicals 
and  of  how  a  particular  class  of  carcinogen  may  initiate  tumor  formation. 
Toxicology  testing  and  research  are  conducted  by  the  Dow  Chemical  Company, 
which  also  provides  donations  to  foundations. 

Corporations  representing  many  fields  of  industry  have  donated  several 
million  dollars  to  the  American  Business  Cancer  Research  Foundation,  which  was 
established  to  support  research  on  the  basic  biology  of  human  cancer.   Thirty- 
six  companies,  representing  85  percent  of  the  chemical  industry's  production, 
support  toxicological  and  epidemiological  studies  of  the  risk  of  chemicals  to 
humans  through  contributions  to  the  Chemical  Industry  Institute  of  Toxicology. 
The  Chemical  Manufacturers  Association  also  supports  carcinogenesis  and 
epidemiological  research  studies. 

In  1982,  the  Cosmetics,  Toiletry,  and  Fragrance  Association,  Inc., 
supported  an  investigation  of  laboi-atory  alternatives  to  animal  toxicity 
testing.   The  Association  also  conducts  cancer-related  research  through  its 
Cosmetic  Ingredient  Review  Program.   The  goal  of  this  research  is  to  evaluate 
the  safety  of  cosmetic  ingredients  by  such  means  as  coordinating  tests  on 
color  additives  and  studying  trace  level  contamination  of  cosmetic  raw 
materials  by  nitrosamines  and  dioxane. 

The  American  Petroleum  Institute  is  conducting  research  involving  muta- 
genicity and  carcinogenicity  of  various  petroleum  products.   Thirty  substances 
found  in  refineries  are  currently  being  tested.   Chronic  inhalation  studies 
of  volatile  substances  (such  as  gasoline)  or  readily  inhaled  particles  (such 


38 


as  coke)  are  under  way  and  will  include  an  assessment  of  tumor  formation. 
The  Gulf  Oil  Company  also  conducts  research  in  toxicology  and  industrial 
hygiene . 

The  oil  industry  is  involved  in  a  variety  of  other  cancer-related 
activities.   For  example,  Gulf  contributes  to  cancer  centers  and  cancer 
organizations,  has  an  extensive  employee  safety  program,  and  provides 
voluntary  medical  examinations  for  employees  in  certain  facilities.  The  Exxon 
Corporation  has  awarded  a  large  grant  to  a  cancer  center  and  has  contributed 
to  hospice  training  and  research. 

Oil,  chemical,  and  pharmaceutical  companies,  among  others,  are  investing 
in  or  carryingi  out  their  own  in-house  genetic  research.   A  major  focus  of  the 
work  is  interferon  production  and  research.   The  Shell  Oil  Company  has  made 
donations  to  foundations  and  has  invested  in  companies  conducting  interferon 
research.   In  addition  to  awarding  several  grants  to  universities  for  inter- 
feron and  molecular  genetics  research,  Du  Pont  is  planning  to  build  an 
$85  million  life  science  research  complex  to  expand  its  work  in  such  areas 
as  molecular  genetics  and  inmunology. 

Three  other  companies  aiding  cancer  research  are  the  Xerox  Corporation, 
Litton  Industries,  and  IBM  Corporation;  all  have  contributed  to  cancer 
research  centers. 

Johnson  &  Johnson's  Technicare  Division  has  been  active  in  developing  the 
nuclear  magnetic  resonance  (NMR)  scan,  a  diagnostic  tool.   Using  a  combination 
of  magnetic  fields  and  radio  waves,   NMR  scans  can  produce  pictures  of  body 
organs  that  are  nearly  as  detailed  as  computerized  tomography  scans  but  do  not 
involve  potentially  hazardous  radiation. 

Drug  companies  are  also  involved  in  cancer-related  research.   The  Pharma- 
ceutical Manufacturers  Association  estimated  that  over  $273  million  was  spent 
in  FY  1982  on  research  and  development  of  drugs,  medicines,  equipment,  and 
materials  for  cancer  treatment.   Warner-Lambert  recently  opened  its  Cancer 
Chemotherapy  Laboratories  to  investigate  promising  new  anticancer  compounds. 
Another  pharmaceutical  company,  Hoffman  La  Roche,  has  contributed  funds  to  a 
cancer  center. 

In  another  area,  the  paint  industry  is  using  a  Hazardous  Materials 
Identification  System  for  labeling  toxic  substances.   Information  on  the 
labels  includes  the  type  and  degree  of  hazard  a  chemical  presents,  protection 
advice,  data  on  early  symptoms  of  overexposure,  and  methods  of  treatment. 

Public  education  efforts  are  aided  by  industry.   For  example,  the 
Washington  Gas  Light  Company  is  providing  teaching  materials  for  a  cancer 
education  curriculum  in  the  District  of  Columbia  public  school  system. 

Twenty-six  companies  have  contributed  to  "Progress  Against  Breast 
Cancer,"  an  NCI-sponsored  public  education  program  that  is  designed  to 
encourage  breast  self-examination  and  inform  the  public  about  progress  in  the 
treatment  of  this  disease.   The  companies  assisted  in  a  variety  of  ways.   For 
example,  American  Telephone  and  Telegraph  helped  test  the  effectiveness  of  the 
program  by  providing  access  to  their  employees  to  serve  as  a  test  audience, 
and  assisted  in  analyzing  the  test  data. 
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other  companies  that  contributed  to  "Progress  Against  Breast  Cancer"  are; 


Aetna  Life  and  Casualty  Honeywell,  Inc. 

Aluminum  Company  of  America  John  Hancock  Mutual  Life  Insurance  Company 

B.  F.  Goodrich  Company  Johnson  &  Johnson 

Robert  J.  Brady  Company  Metropolitan  Life  Insurance  Company 

Consolidated  Edison,  Inc.  Motorola,  Inc. 

Data  Management  Center  Ortho  Instruments 

E.  I.  Du  Pont  de  Nemours  Pillsbury  Company 

and  Company  PPG  Industries 

General  Cable  Corporation  The  Singer  Company 

General  Foods  Corporation  Trans  World  Airlines,  Inc. 

General  Motors  Corporation  United  Technology  Research  Center 

Gillette  Company  W.  R.  Grace  Company 

Gulf  Oil  Company  Xerox  Corporation 

The  Insurance  Network  for  Social,  Urban  and  Rural  Efforts,  a  coalition  of 
insurance  companies,  has  established  a  project  to  incorporate  health  education 
activities  in  the  doctor's  office  setting.   NCI  smoking  and  breast  cancer 
materials  are  used  in  this  pilot  project. 

Another  area  of  cooperation  between  industry  and  the  NCI  is  the  "Coping 
With  Cancer  Program,"  which  is  intended  to  heighten  awareness  and  under- 
standing of  the  special  needs  and  problems  of  cancer  patients  and  to  improve 
the  individual's  ability  to  cope  with  the  disease.   Adria  Laboratories, 
Bristol  Laboratories,  Lederle  Laboratories,  and  Stuart  Pharmaceuticals  have 
provided  assistance  in  printing  materials  and  promoting  and  distributing  them 
to  physicians,  nurses,  and  hospital  pharmacists. 

Professional  Organizations 

A  variety  of  professional  organizations  are  involved  in  cancer  activ- 
ities.  In  general,  their  goal  is  to  promote  education  and  the  exchange  of 
knowledge  and  ideas  about  cancer.   Most  are  supported  by  dues  from  members, 
although  some  receive  contributions  from  nonprofit  cancer  groups  or  private 
industry. 

The  Society  of  Surgical  Oncology  encourages  cancer  research  through  an 
annual  award  to  a  medical  resident  for  an  original  cancer  research  project. 
The  Society  also  gives  three  other  awards:   one  to  an  outstanding  basic  cancer 
scientist,  one  to  a  clinical  scientist,  and  one  to  a  layperson.   In  addition 
to  awards,  the  Society  supports  the  development  of  educational  training 
programs  in  oncology  and  cancer  research. 

The  aim  of  the  American  Association  for  Cancer  Education  is  to  improve 
cancer  teaching  and  training  at  the  undergraduate,  residency,  fellowship,  and 
practicing  physician  levels  by  providing  organized,  supervised  teaching  and 
training  programs  in  medical,  dental,  and  osteopathic  schools,  cancer  institu 
tions,  and  community  hospitals.   The  Association  is  also  involved  in  devel- 
oping and  evaluating  curricula  and  stimulating  new  educational  programs. 
In  a  more  specific  field,  the  American  Society  of  Cytology  promotes  the 
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establishment  of  educational  facilities  and  encourages  programs  of  cytology 
research. 

The  American  College  of  Chemosurgery  promotes  education  and  the  exchange 
of  ideas  about  the  use  of  chemosurgery  for  the  microscopically  controlled 
excision  of  skin  cancer.   The  American  Society  of  Clinical  Oncology  has  a 
broader  scope.   It  fosters  the  exchange  and  dissemination  of  information  and 
ideas  about  all  neoplastic  diseases  and  furthers  the  training  of  clinical 
researchers  and  persons  involved  in  the  total  care  of  cancer  patients. 
Exchanging  knowledge  about  the  cause,  diagnosis,  prevention,  and  treatment  of 
neoplastic  diseases  is  also  a  goal  of  the  American  Association  for  the  Study 
of  Neoplastic  Diseases. 

The  American  Association  for  Cancer  Research  brings  together  investigators 
to  present  and  discuss  new  or  significant  observations  and  to  foster  research  in 
cancer.   Information  exchange,  support,  and  guidance  are  provided  to  community 
hospital  and  program  professionals  by  the  Association  of  Community  Cancer  Cen- 
ters.  On  a  larger  scale,  the  Association  of  American  Cancer  Institutes  promotes 
interinstitutional  collaboration  on  State,  regional,  national,  and  international 
programs  for  the  control  of  cancer  through  research,  education,  and  service. 

Two  international  groups,  the  International  Academy  of  Cytology  and  the 
International  Association  for  Comparative  Research  on  Leukemia  and  Related 
Diseases,  promote  cooperation  and  coordination  of  information  exchange  about 
their  respective  areas. 

In  a  more  specific  area,  the  American  Joint  Committee  on  Cancer,  composed 
of  surgeons,  physicians,  radiologists,  pathologists,  and  representatives  of 
the  American  Cancer  Society  and  the  National  Cancer  Institute,  focuses  on 
systems  of  classification.   The  organization  formulates  and  publishes  systems 
of  classification  of  cancer  and  staging  and  end  results  reporting  for  the 
purpose  of  selecting  the  most  effective  treatment,  determining  prognosis,  and 
continuing  evaluation  of  cancer  control  measures.   In  addition,  it  promotes 
the  use  of  developed  systems  of  classification  of  cancer  and  evaluates  systems 
of  recording  and  reporting  data. 

Several  organizations  work  with  the  NCI  on  specific  projects  or  use  NCI 
materials  in  programs  of  mutual  interest.   The  American  Academy  of  Family 
Physicians  assisted  the  American  Lung  Association  in  a  smoking  prevention  and 
cessation  program  that  used  NCI-prepared  materials.   Physicians  cohosted  local 
presentations  and  answered  questions  about  smoking  and  health.   The  American 
Pharmaceutical  Association  supported  research  and  printing  of  test  market 
materials  for  the  NCI-developed  "Pharmacist  Smoking  Program."   The  Association 
provided  technical  assistance  regarding  smoking  and  the  use  of  drugs,  the 
pharmaceutical  profession,  and  the  pharmacists'  organizational  network.   The 
American  Dental  Association  was  also  involved  in  an  NCI-developed  smoking 
cessation  program,  during  which  dentists  counseled  patients  not  to  smoke  and 
provided  information  on  how  to  quit. 

Both  the  American  Nurses'  Association  and  the  Center  for  Health  Promotion 
of  the  American  Hospital  Association  have  endorsed  and  promoted  the  NCI- 
developed  "Breast  Self-Examination-In-Hospital  Program."   Nurses  instruct 
hospitalized  women  patients  to  do  breast  self-examination  (BSE)  and  encourage 
them  to  practice  BSE  on  a  regular  monthly  basis. 
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The  American  College  of  Obstetricians  and  Gynecologists  (ACOG)  endorsed 
and  assisted  with  the  NCI-prepared  Survey  of  Attitudes  and  Practices  Regarding 
Breast  Cancer  Detection,  Referral  and  Treatment.   ACOG  also  prepared  a  draft 
booklet,  Cancer  and  Women,  for  testing  as  part  of  an  NCI  project  to  test 
printed  materials. 

Appendix  I  lists  these  professional  organizations  and  their  addresses. 


SUMMARY 


Table  II-4  summarizes  the  estimated  total  expenditures  for  cancer-related 
activities  in  the  United  States  for  FY  1982.   As  noted  previously,  the  expen- 
ditures presented  for  some  categories  should  be  considered  estimates  and 
probably  represent  the  minimum  expenditures  for  those  categories. 


Table  II-4. 

Estimated  Total  Funding  of  Cancer-Related 

Activities  in  the  U.S.  (FY  1982) 


Category 

Funding  (Thousands) 

NCI* 

$    943,029 

NIH  (except  NCI) 

135,747 

Other  Federal  Agencies 

137,901 

State  Governments 

189,191 

Nonprofit  Organizations 

240,616 

Labor 

2,697 

Industry 

299,558 

Total 

$1,948,739 

'Excludes  funds  transferred  to  NIEHS  for  the  Nalionai  Toxicology  Program.  Includes  funds 
transferred  from  NICMS  for  diagnostic  radiology  grants. 
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CHAPTER  III 


NATIONAL  CANCER  INSTITUTE  PROGRAM  DEVELOPMENT 
AND  OPERATIONAL  ACTIVITIES 


This  chapter  contains  a  general  discussion  of: 

•  NCI  programs  and  activities 

•  Program  development  and  operational  activities 

•  The  NCI  budget  and  projections  for  the  next  5  years. 

More  detailed  descriptions  of  NCI  research,  control,  and  resources  devel- 
opment activities  have  been  consolidated  as  applicable  in  each  of  four  major 
categories  of  activity:   Cancer  Biology  (Chapter  IV);  Cause  and  Prevention 
(Chapter  V) ;  Detection  and  Diagnosis  (Chapter  VI);  and  Treatment,  Rehabilita- 
tion, and  Continuing  Care  (Chapter  VIl) .   In  addition  to  Table  III-4,  which 
presents  the  NCI  budget  in  the  traditional  NCI  Program  Structure  format. 
Table  III-3  shows  the  budget  in  terms  of  these  four  categories  to  provide 
total  costs  of  all  applicable  activities  in  these  categories. 


NCI  OPERATIONS 


In  this  report  NCI  activities  are  divided  into  four  major  areas.   In 
addition  to  research,  each  area  includes  control,  and  resources  and  support 
activities . 


Categories  of  Activity 


Cancer  Biology 

The  objective  of  research  in  cancer  biology  is  to  provide  knowledge 
of  the  fundamental  molecular  and  cellular  changes  accompanying  the  initia- 
tion of  division,  growth,  regulation,  and  development  of  normal  cells  and 
the  abnormal  growth,  of  malignant  cells.   This  knowledge  is  essential  to 
gain  an  understanding  of  the  causes  of  cancer  and  to  provide  a  basis  for 
attacking  problems  concerned  with  its  prevention,  detection,  diagnosis, 
and  treatment . 
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Cause  and  Prevention 

The  objective  of  cause  and  prevention  research  is  to  identify  carcino- 
genic agents  and  determine  their  mechanisms  of  action  so  that  procedures  can 
be  developed  that  will  prevent  cancer  in  humans  by  avoiding  or  minimizing 
exposure  to  known  causative  agents,  or  by  protecting  exposed  persons  from 
carcinogenic  actions.   Research  stresses  the  role  of  chemicals,  viruses, 
environmental  agents,  and  dietary  constituents  as  carcinogens  and  is  aimed  at 
understanding  how  these  agents  interact  with  cells  and  with  cellular  mole- 
cules, particularly  the  individual  genes  (DNA  molecules) .   Chemoprevention, 
immunoprevention,  and  epidemiologic  studies  are  conducted  to  provide  valuable 
new  leads  in  identifying  factors  that  cause  cancer.   Research  is  conducted 
also  on  intrinsic  host  factors  that  modify  cancer  development. 


Detection  and  Diagnosis 

The  objectives  of  detection  and  diagnosis  research  are  to  develop  and 
improve:   (1)  screening  procedures  for  cancer;  (2)  methods  to  determine  the 
presence,  exact  location,  extent,  and  specific  type  of  cancer  in  individual 
patients;  and  (3)  the  ability  to  predict  the  probable  growth,  future  spread, 
and  response  to  treatment  of  cancer  in  an  individual  patient. 

Treatment,  Rehabilitation,  and  Continuing  Care 

The  objective  of  treatment  research  is  to  develop  the  means  to  cure 
cancer,  or  to  maintain  control  of  cancer  in  patients  who  are  not  cured.   The 
objective  of  rehabilitation  research  is  to  develop  the  products  and  procedures 
for  restoring  physical,  psychological,  social,  and  vocational  functions  lost 
as  a  result  of  cancer.   Continuing  care  endeavors  to  provide  the  support  and 
services  needed  by  patients  throughout  the  course  of  this  disease  once  it  has 
been  diagnosed. 

NCI  Program  Structure 

Effective  management  of  programs  and  their  resources  requires  a  system 
common  to  all  organizational  units  that  facilitates  coordination  in  periodic 
program  reviews,  planning  and  implementation  of  new  activities,  priority  judg- 
ments, allocation  of  resources,  overall  program  planning,  and  budget  prepara- 
tion.  The  NCI  Program  Structure  is  such  a  system.   It  classifies  activities 
on  the  basis  of  scientific  substance  rather  than  mechanism,  discipline,  or 
organizational  status,  and  identifies  related  activities  conducted  by  various 
participants  within  the  NCI. 

The  NCI  Program  Structure  has  three  components:   Research,  Control,  and 
Resource  Development. 


Research 

The  research  component  of  the  NCI  Program  Structure  consists  of  ten 
programs  and  includes  both  basic  and  applied  research. 
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Epidemiology.   The  objectives  of  epidemiological  research  are  to  study 
the  distribution  and  determinants  of  cancer  in  humans,  whether  intrinsic 
(genetic)  or  extrinsic  (environmental),  to  measure  the  occurrence  and 
mortality  associated  with  cancer,  and  to  measure  the  end  results  of  treat- 
ment and  preventive  action.   The  program  employs  techniques  of  descriptive, 
analytic,  and  clinical  epidemiology;  demography;  biostatistics ;  and  biometry. 

Chemical  and  Physical  Carcinogenesis.   The  objective  of  this  research  is 
to  identify  chemical  or  physical  agents  that  produce,  accelerate,  or  inhibit 
the  development  of  cancer.   This  program  includes  research  into  metabolism  of 
compounds,  intrinsic  mechanisms  of  carcinogenesis,  chemical  and  physical 
agents  and  substances  active  in  causation,  and  possible  intrinsic  and  extrin- 
sic interactions  that  produce  or  contribute  to  the  development  or  inhibition 
of  cancer.   All  aspects  of  environmental,  occupational,  and  industrial  carci- 
nogenesis are  considered,  as  well  as  drugs,  chemicals,  and  physical  agents 
such  as  radiation  and  plastics.   Additional  efforts  are  directed  toward  the 
development  of  methods  and  techniques,  such  as  the  development  of  models,  to 
assess  the  efficacy  of  a  potential  preventive  or  inhibitive  approach  or 
hypothesis.   Surveys  to  detect  the  presence  of  carcinogens  in  the  environment 
are  another  part  of  this  program. 

Biological  Carcinogenesis.   The  objective  of  this  research  is  to  deter- 
mine the  role  of  biological  agents,  genetic  sequences,  viral  genes,  and 
combinations  of  viral  and  cellular  genes  in  the  process  of  carcinogenesis. 
This  research,  which  emphasizes  molecular  biology,  includes  isolation  and 
analysis  of  proteins  responsible  for  transformation  and  identification  of  the 
genetic  sequences  that  code  for  these  proteins.   Research  permits  reproducible 
experimentation  in  the  fundamental  mechanisms  of  transformation  and  in  the 
ways  in  which  viral  and  cellular  genes  interact  with  chemical  agents  in  the 
environment  to  cause  cancer.   Additional  studies  in  this  field  focus  on 
possible  prevention  of  virus-induced  cancers  in  animal  models  and  on  suppres- 
sion of  tumors  caused  by  biological  agents.   Investigations  into  the  role  of 
DNA-containing  viruses  in  certain  forms  of  human  cancer  are  another  component 
of  biological  carcinogenesis. 

Nutrition.   The  objective  of  nutrition  research  is  to  determine  the 
role  of  the  dietary  and  nutritional  processes  in  carcinogenesis  and  in  the 
prevention  of  cancer,  and  their  influence  on  treatment  and  recovery.   In 
the  broader  sense,  nutrition  is  defined  as  the  sum  of  the  processes  con- 
cerned in  growth,  maintenance,  and  repair  of  the  living  body  as  a  whole,  or 
of  its  constituent  parts.   In  practice,  a  slightly  narrower  working  defini- 
tion of  nutrition  usually  refers  to  diet  and  the  effect  of  diet  on  metabolism, 
including  normal  metabolism  and  the  altered  metabolism  due  to  disease. 

Immunology.   The  objective  of  immunology  research  is  to  understand  the 
role  of  immunologic  mechanisms  in  the  initiation,  development,  and  spread  of 
cancer.   This  research  includes  the  study  of  specific  mechanisms  by  which 
living  tissues  react  to  foreign  biological  material,  with  a  result  either  of 
enhanced  resistance  or  of  heightened  reactivity.   The  program  is  also  con- 
cerned with  use  of  the  knowledge  gained  to  prevent  the  transformation  of 
normal  cells  or  the  spread  of  malignant  cells;  to  develop  diagnostic  tools  to 
detect  the  presence  and  location  of  cancer  and  the  extent  of  tumor  burden;  to 
develop  treatment  methods  that  would  reduce  tumor  burden  or  eliminate  small 
foci  of  tumor  cells;  and  to  identify  prognostic  indicators  for  patients  being 
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treated.   The  aim  of  the  program  is  to  apply  knowledge  gained  through  immu- 
nologic research  to  all  aspects  of  the  cancer  problem:   immunobiology, 
immunodiagnosis ,  and  iimnunotherapy. 

Diagnosis .   The  objective  of  diagnosis  research  is  to  develop  methods  and 
techniques  for  determining  the  nature,  location,  and  extent  of  the  patient's 
disease  both  for  cancerous  and  precancerous  conditions  and  for  prognostic 
indicators  of  the  probable  course  of  the  disease.   Screening  to  identify 
patients  at  risk  to  cancer  is  part  of  the  program,  along  with  research  to 
determine  risk  factors  and  to  identify  high-risk  groups.   The  focus  of  the 
research  is  on  detection  and  diagnosis  of  primary,  metastatic,  and  recurrent 
neoplasms . 

Preclinical  Treatment.   The  objective  of  preclinical  treatment  research 
is  to  develop  new  or  improved  methods  for  the  treatment  of  cancer.   The  pro- 
gram encompasses  both  basic  and  applied  research  in  cancer  drug  pharmacology, 
molecular  drug  interaction,  and  biochemical  pharmacology,  directed  toward  the 
development  of  new  drugs.   It  also  includes  research  and  development  using 
animal  model  systems  to  evaluate  treatment;  immunotherapy  and  physical  methods 
to  treat  animal  tumor  systems;  and  other  in  vitro  systems,  including  human 
tissue  in  culture,  to  assess  the  therapeutic  efficacy  of  new  treatment 
methods . 

Clinical  Treatment.   The  objective  of  clinical  treatment  research  is  to 
determine  the  best  possible  treatment  of  each  type  of  cancer  on  the  basis  of 
the  natural  history  of  the  cancer  in  question.   This  program  encompasses  all 
aspects  of  treatment  research  involving  individual  cancer  patients  or  groups 
of  patients  and  includes  the  validation  of  preclinical  research  findings  in  a 
clinical  setting.   All  clinical  trials,  but  not  all  clinical  research,  are 
included.   General  clinical  research  using  human  subjects  and  stressing  the 
study  of  the  biology  of  tumor  growth  is  included  in  tumor  biology. 

Rehabilitation.   The  objective  of  rehabilitation  research  is  to  develop 
better  means  to  help  patients  overcome  or  cope  with  the  disabling  effects  of 
cancer  and  the  consequences  of  treatment.   The  restoration  of  a  disabled 
individual  to  the  maximum  level  of  independence  attainable,  given  his  or  her 
limitations,  is  one  of  the  objectives  of  the  National  Cancer  Program.   This 
research  incorporates  all  aspects  of  rehabilitation  from  attitude  adjustment 
to  prosthesis.   Also  examined  are  the  long-term  post-treatment  and  continuing 
care  needs  of  the  patient  and  his  family.   The  application  and  demonstration 
of  methods  and  techniques  in  rehabilitation  are  specifically  excluded  here  but 
are  part  of  the  cancer  control  program. 

Tumor  Biology.   The  objective  of  tumor  biology  research  is  to  gain  a 
better  understanding  of  fundamental  molecular,  cellular,  and  histologic 
processes  and  an  understanding  of  the  biology  of  tumor  growth,  the  process  of 
metastasis,  and  the  changes  that  occur  in  normal  cells  when  they  become  can- 
cerous.  Although  not  specifically  or  immediately  applicable  to  prevention, 
diagnosis,  or  treatment  of  cancer,  knowledge  gained  from  a  better  under- 
standing of  fundamental  molecular,  cellular,  and  histologic  processes  and 
interactions  is  fundamental  to  research  in  these  areas.   This  program  excludes 
research  focusing  primarily  on  specific  results  applicable  to  other  research 
programs.   Research  in  immunobiology  and  virus/cell  interactions,  for  example, 
is  part  of  the  immunology  and  biological  carcinogenesis  programs,  respectively. 


46 


General  clinical  research,  defined  as  research  involving  human  subjects  and 
stressing  the  study  of  the  biology  of  tumor  growth,  is  an  element  of  the  tumor 
biology  program.   Clinical  treatment  research  and  clinical  diagnostic  research 
are  specifically  excluded. 

Within  the  four  NCI  categories  of  activity,  the  epidemiology,  chemical 
and  physical  carcinogenesis,  and  biological  carcinogenesis  research  programs 
are  described  as  part  of  Cause  and  Prevention.   The  preclinical  and  clinical 
treatment  and  rehabilitation  research  programs  are  included  in  Treatment, 
Rehabilitation,  and  Continuing  Care.   Basic  research  conducted  in  the  immu- 
nology research  program  is  described  as  part  of  Cancer  Biology,  whereas 
particular  applications  of  that  research  are  described  in  other  categories 
as  appropriate.   The  tumor  biology  research  program  is  another  component  of 
Cancer  Biology.   The  diagnosis  research  program  is  included  in  Detection  and 
Diagnosis.   The  nutrition  research  program  cuts  across  both  the  Cause  and 
Prevention  and  the  Treatment,  Rehabilitation,  and  Continuing  Care  categories. 


Control  • 

Cancer  control  is  the  reduction  of  cancer  incidence,  morbidity,  and 
mortality  through  an  orderly  sequence  from  research  on  interventions  and  their 
impact  in  defined  populations  to  their  broad,  systematic  application.   Cancer 
control  activities  are  designed  to  promote  the  use  of  knowledge  gained  through 
research  and  of  technological  advances  by  serving  as  a  bridge  between  research 
and  health  care.   Individuals  conducting  these  activities  seek  to  identify 
potentially  applicable  technologies;  to  test  and  evaluate  them;  and,  if  it  is 
warranted,  to  demonstrate  and  promote  their  use.   The  work  is  carried  out  in 
cooperation  with  national.  State,  and  local  health  agencies;  major  medical 
centers;  comprehensive  cancer  centers;  and  community  hospitals  and  physicians. 
Cancer  control  activities  are  included  in  three  of  the  four  major  categories 
of  activity;  there  are  no  control  activities  in  Cancer  Biology. 


Resource  Development 

Many  resources  are  required  to  carry  out  NCI  research  and  control  pro- 
grams.  To  assure  the  availability  of  these  resources,  the  NCI  supports  three 
programs:   Centers,  Construction,  and  Manpower  Development.   These  programs 
make  up  the  resource  development  components  of  the  Program  Structure  and 
contribute  to  all  four  categories  of  activity. 

Cancer  Centers  Program.   Since  the  early  1960s,  the  National  Cancer 
Institute  (NCI)  has  conducted  a  Cancer  Centers  Program  to  provide  grants 
for  the  support  of  programs  in  cancer  research,  cancer  education,  and  cancer 
control  at  educational  and  research  institutions  in  the  United  States. 

The  purpose  of  cancer  centers  is  to  extend  knowledge  and  understanding  of 
the  causes,  mechanisms,  prevention,  detection,  diagnosis,  and  treatment  of  the 
multiple  forms  of  cancer  through  the  development  of  either  specialized  or 
broad  multidisciplinary  programs  in  basic  and  clinical  cancer  research.   The 
demands  of  modern  cancer  research  are  increasingly  complex  and  costly.   Pro- 
viding environments  conducive  to  interdisciplinary  coordination  and  collabora- 
tion is  the  most  effective  and  economical  means  of  providing  for  these  needs. 
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Cancer  centers  are  unique  and  flexible  entities  that  have  developed 
from  areas  of  existing  strength  to  encompass  a  variety  of  activities  ranging 
from  highly  specialized  and  narrowly  focused  programs  to  broad,  coordinated, 
multifaceted  programs.   Cancer  centers  are  a  national  resource  for  conducting 
the  full  spectrum  of  activities  necessary  to  achieve  the  objectives  of  the 
National  Cancer  Program. 

As  a  national  resource,  the  cancer  centers  provide  a  critical  core 
comprising:   (1)  highly  trained  laboratory  and  clinical  research  personnel, 
(2)  physical  facilities  and  equipment,  and  (3)  administrative  support  struc- 
tures.  These  three  elements  facilitate  the  generation  of  new  knowledge  about 
cancer  and  accelerate  the  transfer  of  new  information  to  health  professionals 
in  communities  surrounding  the  centers  and  to  the  general  public. 

Enactment  of  the  National  Center  Act  of  1971  marked  the  beginning  of  the 
rapid  growth  of  the  Cancer  Centers  Program.   Together  with  an  increase  in  the 
number  of  centers,  there  has  been  an  increase  in  their  size  and  complexity, 
expansion  of  their  research  programs  and  activities,  and  an  augmentation  of 
their  professional  staffs.   These  elements  of  growth,  coupled  with  the  rising 
costs  of  research,  have  been  reflected  in  steadily  mounting  financial 
requirements . 

Cancer  centers  depend  heavily  upon  the  NCI  for  research  and  operational 
support  funds.   The  NCI  contributes  an  average  of  66  percent  of  total  external 
support  funds.   Other  NIH  programs  provide  an  additional  20  percent.   The 
total  NIH  contribution,  therefore,  is  86  percent  of  all  external  financial 
support.   The  remaining  14  percent  derives  from  other  Federal,  public,  and 
private  sources.   Any  changes  in  the  NCI  budget  appropriation  and  its  appor- 
tionment would  have  a  significant  effect  upon  the  stability  of  the  centers' 
research  and  operations  activities. 

Cancer  centers  exist  in  a  number  of  different  organizational  settings. 
Some  are  independent,  free-standing  institutional  entities;  others  are  under 
the  auspices  of  universities;  still  others  are  consortia  or  are  multi- 
institutional  in  nature.   Centers  are  classified  as  follows:   (1)  labora- 
tory cancer  research  centers — centers  engaged  only  in  laboratory  research; 
(2)  clinical  cancer  research  centers — centers  engaged  in  both  clinical  and 
laboratory  research;  and  (3)  comprehensive  cancer  centers — centers  engaged  in 
both  laboratory  and  clinical  research  that  have  applied  for  and  been  granted 
recognition  as  comprehensive  cancer  centers.   Table  III-l  lists  centers  by 
type. 

In  FY  1982,  62  cancer  centers  had  active  Core  Grants,  16  of  which  were 
with  laboratory  cancer  research  centers.   Of  the  remaining  46  centers  (either 
clinical  centers  or  combining  both  basic  and  clinical  research  programs),  20 
have  been  designated  as  comprehensive  cancer  centers. 

Recognition  as  a  comprehensive  cancer  center  may  be  granted  by  the 
Director  of  the  National  Cancer  Institute  if  evaluation  of  the  center 
demonstrates  compliance  with  the  Cancer  Center  Support  (Core)  Grant  Guidelines 
for  comprehensiveness.   (Core  grant  funding  will  be  discussed  later  in  this 
section.)   These  Guidelines  were  established  by  the  National  Cancer  Advisory 
Board  (NCAB)  and  were  revised  by  the  Board  in  1979.   Areas  addressed  in  the 
Guidelines  include  the  necessity  for  (1)  national  and  local  support; 
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Table  III-l. 
Cancer  Centers 


Comprehensive  Cancer  Centers 

Clinical  Cancer  Research  Centers 

Laboratory  Cancer  Research  Centers 

Comprehensive  Cancer  Cenier 

University  of  Arizona  Cancer  Center 

Stanford  University  Medical  Cenier 

Iniversily  of  Alabama  in  BirminKham 

Tucson.  Arizona 

Stanford.  California 

Birminfcham.  Alabama 

Ciiy  of  Hope  Research  Institute 

Scripps  Clinic  and  Research  Foundation 

Kenneth  Norris.  Jr..  Cancer  Research  Institute 

Duartc.  California 

La  Jolla.  California 

tlniversily  nf  Southern  California 

Los  Angeles.  California 

Northern  California  Cancer  Program 

La  Jolla  Cancer  Research  Foundation 

Palo  Alto.  California 

La  Jolla.  California 

L'CLA  Jnns.son  Comprehensive  Cancer  Center 

tCLA  School  of  Medicine 

University  of  California  at  San  Diego 

Armand  Hammer  Center  for  Cancer  Biology 

l.os  Angeles,  California 

La  Jolla,  California 

The  Salk  Inslilule 
San  Diego.  California 

Yale  University  Comprehensive  Cancer  Cenier 

Cancer  Center  of  Hawaii 

New  Haven.  Connecticut 

University  of  Hawaii  at  Manoa 

Purdue  University 

Honolulu.  Hawaii 

West  Lafayette,  Indiana 

Georgetown  University/Howard  University 

Comprehensive  Cancer  Center 

University  of  Iowa  Cancer  Cenier 

Worcester  Foundation  for  Kxperimental  Bioli»gy.  Inc. 

Iowa  City.  Iowa 

Shrewsbury.  Massachusetts 

Vincent  T.  Lombard!  Cancer  Research  Cenier 

Georgetown  University  Medical  Center 

Ephralm  McDowell  Community  Cancer  Network.  Inc. 

Massachusetts  Institute  of  Technology 

Washington.  D.C. 

Islington.  Kentucky 

Cambridge.  Massachusetts 

Howard  University  Cancer  Research  Center 

Cancer  Center.  Tufts-New  England  Medical  Center 

Cenier  for  Basic  Cancer  Research 

College  of  Medicine 

Boston.  Massachusetts 

Washington  University  School  of  Medicine 

Washington,  D.C. 

Norris  Cotton  Cancer  Center 

St.  I.<»uis.  Missouri 

Comprehensive  Cancer  Center  for  the  Slale  of  Florida 

Dartmouth-Hitchcock  Medical  Cenier 

New  York  L'niversiiy  Medical  Cenier 

University  of  Miami  School  of  Medicine 

Hanover,  New  Hampshire 

New  York,  New  York 

Jackson  Memorial  Medical  Cenier 

Miami.  Klorida 

Cancer  Research  Center 

American  Health  Foundation 

Albert  Kinsiein  College  of  Medicine 

New  York.  New  Yi.rk 

Illinois  Cancer  Council 

Bronx.  New  York 

Chicago.  Illinois 

(irace  Cancer  Drug  (enter 

Mount  Sinai  School  of  Medicine 

Buffalo.  New  York 

Northwestern  University  Cancer  Center 

New  York.  New  York 

Chicago.  Illinois 

Case  Western  Reserve  University 

New  York  University  Medical  Center 

(  leveland.  Ohio 

liniversily  of  Chicago  Cancer  Research  Center 

New  York.  New  Yorit 

Chicago.  Illinois 

The  Pennsylvania  Stale  University 

University  of  Rochester  Cancer  Cenier 

College  of  Medicine 

Johns  Hopkins  Oncology  Center 

Rochester.  New  York 

Hersbey.  Pennsylvania 

Baltimore.  Maryland 

Cancer  Research  Center.  Univerriity  of  North  Carolina 

The  Wislar  Institute  of  Anatomy  jnd  Biology 

Sidney  Farher  Cancer  Institute 

Chapel  Hill.  North  Carolina 

Philadelphia.  Pennsylvania 

BoHlon,  Massachusetts 

Oncology  Research  Center 

Fels  Research  Institute 

Comprehensive  Cancer  Center  of  Metropolitan  Detroit 

Bowman  Gray  School  of  Medicine 

Temple  University  Medical  School 

Detroit.  Michigan 

Winston-Salem.  North  Carolina 

Philadelphia.  Pennsylvania 

Mayo  C:omprehensive  Cancer  Center 

University  of  Puerto  Rico.  Medical  Sciences  Campus 

The  University  of  Wisconsin 

Rochester.  Minnesota 

San  Juan,  Puerto  Rico 

McArdle  Laboratories 
Madison.  Wisconsin 

Columbia  University  Cancer  Research  Cenier 

Roger  Williams  General  Hospital 

Ciillege  of  Physicians  and  Surgeons 

Providence.  Rhode  Island 

New  York.  New  York 

Memphis  Regional  Cancer  Cenier 

Memorial  Sloan-Keiiering  Cancer  Center 

Memphis.  Tennessee 

Sloan-Keilering  Institute  lor  Cancer 

Research 

St.  Jude  Children's  Research  Hospital 

Memorial  Sloan-Kellering  Cancer  Center 

Memphis.  Tennessee 

New  York.  New  York 

The  University  of  Texas  Medical  Branch  Hospitals 

Roswell  Park  Memorial  Institute 

Galveston.  Texas 

Buffalo.  New  York 

MCV/VCU  Cancer  Center.  Medical  College  of  Virginia 

Comprehensive  Cancer  Center 

RIchmund.  Virginia 

Duke  University  Medical  Center 

Durham.  North  Carolina 

Vermont  Regional  Cancer  Center,  University  of  Vermont 
Burlington.  Vermont 

The  Ohio  Slale  University  Comprehensive  Cancer  Cenier 

Columbus,  Ohio 

Kos  Chase/ University  of  Pennsylvania 

C  omprebensive  Cancer  Center 

The  KoK  C  hase  Cancer  (enter 

Philadelphia.  Pennsylvania 

Univrrsily  nf  Pennsylvania  Cancer  Cenier 

Philadelphia.  Pennsylvania 

rbe  I  nivvrsily  of  Texas  System  Cancer  <  enter 

M.  I>.  Anderson  Hospital  and  lumor  Inslilule 
Houston.   Texas 

fred  Hutchinson  Cancer  Research  <  enter 

Srulllf.  NVashinglon 

the  I  nivtrsily  of  Wisconsin  (  linical  (  ancer  tinier 

Madison,  WisLonsin 
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(2)  research,  control,  training,  education,  and  information  dissemination 
activities;  (3)  a  formal  commitment  of  support  from  the  parent  institution; 
and  (4)  a  geographic  location  that  increases  the  national  capability  to  carry 
out  regional  and  clinical  trials,  cancer  control  programs,  and  training, 
education,  and  information  dissemination  activities. 

An  important  funding  mechanism  for  a  cancer  center  is  the  Cancer  Center 
Support  (Core)  Grant  (CCSG),  for  which  all  types  of  cancer  centers  are  eli- 
gible.  Applications  undergo  competitive  scientific  and  technical  review 
according  to  the  prescribed  peer-review  procedures  of  the  NIH.   Final  approval 
of  core  grants  and  award  of  funds  are  based  upon  review  recommendations,  pri- 
ority scores,  and  the  availability  of  funds.   For  continued  support  by  this 
mechanism,  a  cancer  center  must  submit  a  renewal  application,  which  is 
reviewed  in  the  same  sequence  of  steps  used  for  an  initial  application. 

The  CCSG  supports  the  planning,  development,  evaluation,  administration, 
and  maintenance  of  an  active  and  unified  cancer  center.   This  support  con- 
tributes to  the  stability  of  the  center,  to  administrative  and  programmatic 
control  of  center  activities,  and  to  fiscal  accountability  and  responsibilty . 

The  CCSG  may  be  used  for  salaries  of  key  professional  and  administrative 
personnel,  shared  equipment,  special  facilities  and  services,  alteration  and 
renovation,  and  developmental  research  activities.   It  provides  funds  for 
major  equipment  and  shared  resources,  and  services  for  which  funds  are  not 
available  from  other  grants.   Shared  resources  may  result  in  cost  savings 
both  to  the  center  and  to  the  National  Cancer  Program.   Examples  of  shared 
resources  are  media  preparation,  glassware  washing,  animal  colony  central 
services,  and  clinical  research  bed  units. 

Research  itself,  except  for  developmental  projects,  is  not  supported  by 
the  core  grant.   Despite  its  importance,  the  core  grant  provides  only  a  minor 
portion  of  a  center's  total  support,  accounting  for  about  12  to  13  percent 
of  total  funds.   The  major  portion  of  cancer  center  research  is  funded  by 
combinations  of  individual  research  grants,  clinical  and  basic  program 
projects  grants,  cancer  control  grants,  clinical  educational  and  training 
grants,  fellowships,  contracts,  and  funding  from  other  Federal,  non-Federal, 
and  local  sources.   The  core  grant  does  not  support  cancer  control,  education, 
and  training  activities.   These  important  cancer-related  activities  are 
eligible  for  funds  from  other  NCI  sources. 

With  the  recent  leveling  of  NCI  and  NIH  appropriations,  rising  costs  of 
centers  have  become  a  source  of  concern  for  both  the  centers  and  the  NCI, 
Since  research  grants  are  becoming  increasingly  competitive,  the  core  grant 
support  program  has  received  increased  attention.   Although  it  constitutes  a 
minor  portion  of  cancer  center  funding,  it  is  a  critically  important  element 
not  available  from  other  grant  programs. 

In  order  to  control  sharp  increases  in  requested  levels  of  support  and, 
at  the  same  time,  preserve  the  intended  purpose  of  the  core  grant,  revised 
Guidelines  became  effective  October  1,  1981.   The  revisions  include  a 
limitation  on  the  amount  that  may  be  requested  in  a  core  grant  application. 

The  Centralized  Cancer  Patient  Data  System  (CCPDS)  is  a  standard  system 
for  registering  persons  with  reportable  malignant  neoplasms  who  are  patients 
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of  comprehensive  cancer  centers.   Eligible  patients  were  those  first  admitted 
to  a  center  on  or  after  July  1,  1977.   All  cases  meeting  certain  requirements 
are  reported  to  the  Statistical  Analysis  and  Quality  Control  Center  (SAQC)  in 
Seattle,  Washington,   The  SAQC  is  responsible  for  maintaining  the  system, 
analyzing  the  data,  and  acting  as  the  coordinator  of  research  activities. 

The  CCPDS  grants  have  effected  a  computerized  patient  data  system  in  each 
center.   This  system,  together  with  the  quality  control  activities  developed 
by  the  SAQC,  has  resulted  in  higher-quality,  more  efficient  patient  data 
systems.   These  grants  have  also  supported  statistical  activities  within  the 
centers  to  ensure  better  research  uses  of  the  system.   To  date,  20  cancer 
centers  have  been  funded,  and  approximately  50,000  new  cases  are  registered 
each  year  at  the  SAQC. 

The  Board  of  Scientific  Counselors,  DRCCA,  decided  at  its  May  1982 
meeting  that  funding  of  institutional  CCPDS  grants  should  be  discontinued  as 
of  July  31,  1983,  although  it  is  hoped  that  all  cancer  centers  will  continue 
some  of  their  CCPDS  activities.   Present  plans  call  for  the  continuation  of 
the  SAQC. 

The  Cancer  Centers  Outreach  Program  supports  24  comprehensive,  clinical, 
or  community  cancer  centers  in  the  planning,  development,  implementation,  and 
evaluation  of  applied  research  in  cancer  prevention  and  treatment.   Meeting 
the  objectives  of  this  Program  requires  a  core  of  scientific  and  administra- 
tive staff  with  a  broad  range  of  knowledge  and  skills  in  cancer  control.   In 
the  past  year,  the  Outreach  Program  has  stimulated  development  of  a  wide 
range  of  support  for  community  hospitals,  including  multidisciplinary,  multi- 
institutional  consultation  services  for  cancer  diagnosis  and  treatment. 

The  Cancer  Centers  Outreach  Program  will  be  succeeded  in  FY  1983  by  two 
new  programs:   the  Cancer  Control  Research  Units  and  the  Cancer  Center  Science 
Program.   The  new  programs  will  meet  the  critical  need  for  more  cancer  control 
research  both  in  prevention  and  in  management  (diagnosis,  pretreatment  eval- 
uation, treatment,  rehabilitation,  and  continuing  care).   Up  to  $7.5  million 
will  be  available  for  these  programs  in  FY  1983. 

Cancer  Control  Research  Units   (CCRUs).     The  CCRUs  will  be  specialized 
research  units  and  will  require  long-term  support,  will  involve  multi- 
disciplinary  participation,  and  will  need  access  to  defined  populations  in 
order  to  measure  the  effects  on  populations  of  any  cancer  control  activities. 
A  number  of  institutions  or  organizations  in  the  United  States  are  believed  to 
have  the  "critical  mass"  of  resources  and  qualified  personnel  to  become 
research  units  of  this  type. 

Each  CCRU  will  be  organized  around  a  core  group  of  highly  competent 
investigators  who  can  obtain  peer-reviewed  project  support.   Under  a  CCRU 
Director,  investigators  will  receive  project  support  for  research  using 
defined  populations,  for  other  approved  studies,  for  developmental  research 
projects,  or  other  peer-reviewed  funding  support.   A  minimum  of  three  defined 
population  studies  (a  chemoprevention  study  may  substitute  for  one)  must 
successfully  pass  peer  review  and  be  approved  before  the  CCRU  application  wil! 
be  considered  for  funding.   Highest  priority  for  awards  is  given  to  research 
involving:   (1)  cancers  causing  the  greatest  mortality/morbidity  in  the  Unite< 
States;  (2)  those  cancers  for  which  substantial  risk  has  been  associated  with 
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connnon  exposures;  and  (3)  those  cancers  for  which  apparently  effective  actions 
are  available. 

In  defined  populations,  three  types  of  activities  may  be  supported  by 
CCRU  grants: 

1.  Research  to  determine  whether,  how,  and  to  what  extent  actions 
proposed  for  a  particular  cancer  are  effective  for  populations 
defined  so  as  to  allow  generalization  of  findings  to  large  segments 
of  the  U.S.  population. 

2.  Research  to  determine  the  optimal  strategies  for  reducing  incidence, 
morbidity,  or  mortality  for  particular  cancer(s)  in  a  measurable  way, 
and  research  on  methods  for  efficiently  implementing  these 
strategies . 

3.  Selective  implementation  of  strategies  proven  effective  for  particu- 
lar cancer(s)  and  assessment  of  the  efficacy  and  practicality  of  such 
strategies  for  large  populations. 

Cancer  Control  Science  Program   (CCSP).     The  CCSP  aims  to  encourage 
development  throughout  the  U.S.  of  core  groups  of  researchers  who  will  per- 
form cancer  control  research  studies  consisting  of  a  minimum  of  three  cancer 
control  research  projects  that  can  successfully  undergo  review  for  scientific 
merit.   Development  funds  for  pilot  projects  of  high  scientific  merit  and  with 
future  promise  of  being  supported  as  individual  peer-reviewed  research  projects 
could  be  included.   This  program  will  be  in  effect  for  a  period  of  5  years. 

Construction  Program.   The  intent  of  the  Cancer  Institute  Research 
Facilities  Program,  initiated  in  1971,  was  to  create  necessary  physical 
resources  for  cancer  research  through  Federal  participation  in  the  cost  of  new 
construction  and  renovation  of  basic  and  clinical  research  facilities  as  well 
as  those  for  associated  administration,  service,  and  animal  support.   The 
facilities  must  be  dedicated  to  cancer  research  for  at  least  20  years. 

Although  construction  projects  are  funded  mainly  through  grants,  some 
contracts  are  used  for  construction  on  Federal  facilities,  such  as  the 
Frederick  Cancer  Research  Facility.   During  FY  1982,  seven  construction  grant 
applications  were  reviewed;  four  were  approved  and  funded  at  a  cost  of 
$1.2  million. 

The  primary  review  and  evaluation  of  applications  have  been  essentially 
scientific;  consideration  has  been  given  to  the  scientific  merit  of  the 
proposed  program(s);  the  technical  competence  of  the  applicant  institution 
staff;  the  intellectual  environment  of  the  institution;  and  its  scientific, 
fiscal,  and  administrative  capabilities.   Other  criteria  considered  include 
location  of  applicant  institution,  applicant  institution's  role  in  the 
National  Cancer  Program,  promptness  with  which  construction  can  be  started, 
whether  space  requested  is  commensurate  with  projected  program  scope,  minimum 
essential  facilities  for  those  institutions  with  undeveloped  cancer  research 
programs,  net  space  utilization  of  60  percent  or  more,  reasonable  cost,  and 
acceptable  design. 
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New  cancer  research  programs  and  the  provision  of  safe  facilities  for 
accomplishing  biohazardous  cancer  research  make  construction  funds  essential. 
Construction  support  is  also  needed  in  order  that  coordinated  and  contiguous 
clinical  and  basic  research  space  can  be  provided  that  will  permit  scientists 
to  work  together  rather  than  dispersed  throughout  an  institution.   Some 
programs,  such  as  research  into  pi-mesons  in  clinical  cancer  treatment, 
require  the  construction  of  special  facilities. 

The  construction  program  will  continue  to  upgrade  existing  buildings 
for  laboratories  and  clinical  research  units,  some  of  which  are  biohazard 
containment  facilities.   These  will  minimize  cross-contamination  and  will 
prevent  the  release  of  potentially  cancer-causing  materials  into  the 
laboratory  or  the  surrounding  community. 

During  the  past  year,  the  National  Cancer  Advisory  Board  continued  to  hear 
that  NCI-funded  research  was  being  conducted  in  unsafe  laboratories.   The  need 
for  major  NCI  funding  has  been  clearly  documented.   More  biohazard  containment 
laboratories,  specialized  clinical  research  laboratories,  and  improved  animal 
facilities  are  required.   The  immediate  need  is  for  $20  million  per  year  for 
the  next  6  years.   The  planned  NCI  funding  for  FY  1983  (Table  III-4)  further 
delays  the  upgrading  of  marginal  and  unsafe  cancer  facilities  and  will  not 
achieve  the  desired  levels  of  worker  safety  and  biohazard  containment. 

Projections  of  the  funds  needed  for  construction  (Table  III-4)  through 
1988  are  based  on  the  activities  and  estimated  needs  of  cancer  centers. 
Estimated  costs  of  space  for  basic  and  clinical  research  and  of  special 
requirements  for  biohazard  control  and  containment  are  included. 

Manpower  Development  Program.   The  NCI  supports  the  development  of  scien- 
tists who  will  be  the  mainstay  of  the  cancer  research  effort  10  to  15  years 
hence.   Because  the  direction  of  cancer  research  may  change,  a  nucleus  of 
broadly  trained  investigators  must  be  maintained  who  can  change  their  research 
directions  as  new  leads  develop.   To  that  end,  the  NCI  supports  manpower 
development  in  scientific  specialties  in  the  areas  of  cancer  etiology  and 
prevention,  detection  and  diagnosis,  treatment  and  restorative  care,  and 
cancer  biology.   The  training  may  be  in  clinical  or  nonclinical  specialties 
and  in  either  basic  or  applied  research.   Preventive  oncology,  cancer  nutri- 
tion, epidemiology  and  biostatistics ,  and  physician  research  training  are 
receiving  special  emphasis. 

Three  grant  mechanisms  are  used  to  support  research  manpower  development: 

•  Institutional  Fellowship  Awards  (created  in  1975  by  the  National 
Research  Service  Act)  are  made  to  competing  qualified  institutions  to 
develop  or  enhance  research  training  opportunities  at  the  predoctoral 
or  postdoctoral  level.   The  applicant  must  have  the  staff  and  facili- 
ties for  the  proposed  program.   After  the  award  has  been  made,  the 
institution's  training  program  director  is  responsible  for  selecting 
the  trainees  and  for  administering  the  program.   Residencies  may  not 
be  supported  by  this  program. 

•  Individual  Fellowships  are  awarded  only  for  postdoctoral  research 
training  in  nonprofit  institutions  here  and  abroad.   An  applicant  for 
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a  postdoctoral  fellowship  must  have  been  accepted  by  a  preceptor  and 
must  present  a  detailed  description  of  the  research  project  to  be 
undertaken  as  part  of  the  research  training.   Residencies  may  not  be 
supported  by  this  program. 

•   Research  Career  Development  Awards  (not  governed  by  the  National 
Research  Service  Act)  provide  promising  young  investigators  the 
opportunity  to  devote  full  time  to  their  development  as  competent 
independent  cancer  investigators.   Applicants  must  demonstrate 
appropriate  scientific  experience  and  achievement  and  must  have 
outstanding  research  potential. 

The  NCI  also  encourages  improvements  in  the  cancer  education  of  health 
professionals.   Grants  are  made  to  medical  and  dental  schools,  schools  of 
public  health,  and  to  selected  hospitals  for  clinical  cancer  education  to 
effect  coordination  of  cancer  teaching  and  to  provide  additional  opportunities 
for  undergraduate  students  to  expand  their  understanding  of  cancer  in  its 
basic  and  clinical  aspects. 

Following  a  general  phase-out  imposed  on  all  training  programs  at  the 
National  Institutes  of  Health,  the  Clinical  Cancer  Education  Program  was 
initiated  in  1974  to  carry  forward  the  objectives  of  the  earlier  programs: 
to  stimulate  and  expand  multidisciplinary  efforts  in  cancer  education  at  the 
undergraduate,  graduate,  and  continuing  education  levels  so  that  physicians 
and  dentists  might  deal  more  effectively  with  the  clinical  aspects  of  cancer. 
The  primary  emphasis  of  this  program  is  on  cancer  diagnosis  and  treatment, 
although  physicians  and  dentists  are  also  given  a  bro«d  exposure  to  the 
principles  of  cancer  biology  and  cancer  cause  and  prevention. 


NCI  PROGRAM  DEVELOPMENT 


Program  development  requires  decisions  concerning  the  initiation,  main- 
tenance, reduction,  and  termination  of  programs.   From  these  decisions,  prior- 
ities are  established,  programs  are  selected  for  planning  and  implementation, 
criteria  and  approaches  are  developed  to  evaluate  these  programs  during  and  at 
the  end  of  their  period  of  performance,  and  resources  are  allocated. 

Priority-Setting  and  Program  Selection 

Resource  limitations  usually  preclude  the  implementation  of  all  feasible 
and  desirable  programs  at  the  same  time.   Therefore,  a  system  is  needed  for 
selecting  the  most  worthwhile  programs  and  activities  for  implementation  on 
the  basis  of  such  factors  as  need,  urgency,  importance,  merit,  and  high 
probability  of  success. 

Setting  priorities  for  implementing  new  programs  or  for  changing  (expand- 
ing, reducing,  terminating)  ongoing  programs  is  ultimately  the  responsibility 
of  the  Director,  NCI,  who  bases  these  decisions  on  extensive  consultation  with 
groups  of  scientists  and  administrators,  both  internal  and  external. 
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within  the  National  Cancer  Program,  priority-setting  and  program 
selection  are  directly  affected  by  seven  major  sources  of  advice.   These 
sources  are  described  in  the  following  sections. 

The  Congress 

The  Director's  annual  presentation  of  plans,  budget,  and  program  priori- 
ties to  the  appropriate  congressional  committees  reflects  the  extensive  review 
of  both  internal  and  external  committees.   The  Congress  may,  at  times,  conduct 
its  own  studies  of  areas  it  considers  to  be  of  high  priority  and  may  direct 
the  implementation  of  specific  programs  in  these  areas.   Examples  of  such 
congressional  action  are:   the  establishment  of  the  Cancer  Chemotherapy 
National  Service  Center  in  1955  (later  the  Cancer  Chemotherapy  Program),  which 
began  the  large-scale  acquisition  and  testing  of  compounds  for  anticancer 
properties;  the  initiation  of  the  Special  Virus  Leukemia  Program  in  1964 
(later  the  Virus  Cancer  Program),  which  involved  a  national  effort  to  isolate 
a  human  leukemia  virus;  the  establishment  of  the  Cancer  Control  Program  in 
1971  to  develop  and  demonstrate  approaches  for  translating  research  results  to 
the  practice  of  medicine;  the  establishment  in  1971  of  the  International 
Cancer  Research  Data  Bank  (ICRDB)  to  ensure  more  effective  communication  and 
sharing  of  cancer  research  information  on  a  worldwide  basis;  and,  in  1977,  the 
designation  of  nutrition  research  as  an  area  for  emphasis  and  expansion. 

The  Department  of  Health  and  Human  Services  and  the  Public  Health  Service 

The  Department  reviews  the  proposed  programs  and  budgets  of  its  principal 
operating  components,  including  the  justification  of  program  priorities. 
Program  changes  may  be  made  on  the  basis  of  this  review,  and  the  Department 
may  identify  certain  programs  as  particularly  important  and  deserving  of 
special  emphasis.   In  many  cases,  these  programs  represent  efforts  by  the 
various  DHHS  health  agencies  to  address  research  in  broad  problem  areas  on  a 
cross-agency  cooperative  basis.   After  a  lead  agency  has  been  selected,  other 
agencies  participate  to  the  extent  to  which  the  proposed  work  reflects  their 
missions;  their  participation  includes  shared  planning,  information,  and 
funding . 

The  National  Institutes  of  Health 

The  proposed  programs,  priorities,  and  budgets  of  the  research  institutes 
and  supporting  divisions  are  reviewed  by  the  Director,  NIH,  before  their 
submission  to  the  DHHS.   These  reviews  take  place  annually  and  are  concerned 
primarily  with  justification  of  program  priorities,  program  selections,  and 
resource  allocation.   Members  of  the  Advisory  Committee  to  the  Director,  NIH, 
and  of  the  National  Advisory  Councils  or  Boards  of  the  Institutes  and  Divi- 
sions are  invited  to  participate  in  these  reviews.   In  some  instances, 
proposed  priorities  have  been  reordered  as  a  result  of  discussion  at  these 
meetings. 

The  NIH  has  decided  to  stabilize  the  biomedical  science  base  by  assigning 
first  priority  to  funding  a  minimum  number  of  investigator-initiated  grants 
considered  essential  to  the  maintenance  of  a  viable  biomedical  research 
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community.   This  action  directly  affects  the  program  priorities  of  the 
Institutes  and  Divisions  of  the  NIH  and  has  proven  an  effective  procedure  for 
implementing  the  research  priorities  established  by  the  scientific  community 
through  its  participation  in  the  peer  review  process,  which  is  discussed 
below. 


The  President's  Cancer  Panel 

.   The  President's  Cancer  Panel  was  established  by  the  National  Cancer 
Act  of  1971  and  is  unique  to  the  Cancer  Institute  at  the  NIH.   The  Panel 
consists  of  three  individuals  appointed  by  the  President  of  the  United 
States.   It  meets  at  least  four  times  each  year  and  reports  to  the  President 
any  matters  that  impede  the  efficiency  and  effectiveness  of  the  National 
Cancer  Program. 

The  Panel  has  served  as  a  forum  for  both  the  scientific  community  and 
the  public  and  as  such  has  effected  both  the  initiation  of  new  program 
priorities  and  the  implementation  of  existing  priorities.   During  FY  1982,  the 
President's  Cancer  Panel  conducted  public  meetings  on  the  east  coast  at  the 
Harvard  University  School  of  Public  Health  and  on  the  west  coast  at  the 
University  of  California  in  Los  Angeles.   At  both  these  meetings,  the  Panel 
examined  alternatives  and  options  proposed  by  scientists  regarding  changes  in 
the  peer  review  and  grant  award  mechanisms  at  the  NCI  and  the  NIH. 

Future  meetings  of  the  President's  Cancer  Panel  at  various  loca- 
tions are  planned  to  apprise  the  Panel  of  issues  and  concerns  of  importance 
to  the  nation's  scientists  and  to  respond  to  these  topics  by  appropriate 
recommendations  to  the  Director,  NCI;  the  Director,  NIH;  and  the 
President . 


The  National  Cancer  Advisory  Board  (NCAB) 

The  NCAB  influences  program  priorities  in  two  major  ways:  First,  it  is 
the  legally  constituted  body  that  performs  the  second  phase  of  the  review  of 
research  grant  applications  (the  first  phase  is  performed  by  the  Initial 
Review  Groups  discussed  below)  and  recommends  approval  or  disapproval  to  the 
Director,  NCI.  Although  the  NCAB  usually  concurs  with  the  priorities  recom- 
mended by  the  Initial  Review  Groups,  it  may  disagree  with  a  recommended  action 
on  a  single  grant  and  can  change  the  proposed  action. 

Second,  the  NCAB  is  responsible  for  program  review  in  the  larger 
context  of  the  National  Cancer  Program.   In  this  function,  the  NCAB 
advises  the  Director  on  such  matters  as  major  shifts  in  program  emphasis, 
budget  allocation,  and  the  desirability  (or  nondesirability)  of  initiating 
certain  proposed  programs.   Through  its  several  subcommittees,  the  NCAB 
studies  and  analyzes  every  major  aspect  of  program  operations  as  a  basis 
for  providing  the  Director  with  its  recommendations  on  program  content  and 
program  priorities  throughout  the  year.   Since  1980,  the  Director  has  asked 
the  NCAB  to  participate  directly  in  the  establishment  of  program  priorities 
under  a  variety  of  budget  situations.   This  participation  has  been  accom- 
plished by  mail  ballot  followed  by  discussion  at  subcommittee  and  full  Board 
meetings . 
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NCI  Division  Directors  and  Divisional  Boards  of  Scientific  Counselors 

Each  of  the  four  Divisions  with  direct  program  responsibility  has  a  Board 
of  Scientific  Counselors  (BSC),  consisting  of  non-Federal  scientists,  who  meet 
at  least  three  times  a  year  to  review  divisional  programs  and  budgets  and  to 
provide  to  each  Division  Director  advice  and  recommendations  on  program 
content  and  priorities.   In  addition,  the  BSCs  make  site  visits  to  the 
intramural  programs  to  assess  and  evaluate  program  content,  budgets,  and 
staffing.   These  recommendations  constitute  major  assistance  to  each  Division 
Director  in  making  decisions  concerning  the  content,  size,  and  direction  of 
the  Division's  programs  and  in  making  recommendations  to  the  Director,  NCI,  on 
the  overall  effort  of  the  Institute. 


Initial  Review  Groups  (Study  Sections) 

The  review  of  research  proposals  by  peers  of  the  applicants  has  been  a 
cardinal  factor  in  the  development  and  maintenance  of  high  standards  of 
excellence  in  NIH  programs.   The  applications  are  reviewed  for  scientific 
merit,  ability  of  the  investigator  to  carry  out  the  proposed  research, 
soundness  of  the  research  proposal,  and  adequacy  of  the  facilities  available. 
The  end  result  of  this  highly  detailed,  extensive  analysis  and  evaluation  is 
the  assignment  to  each  application  of  a  numerical  priority  for  funding. 
Through  this  process  of  peer  review,  the  scientific  community  expresses  its 
collective  opinion  about  the  highest  priorities  for  research  by  identifying 
areas  of  science  that  show  the  greatest  promise  of  solving  disease  problems. 
The  NCI  has  steadily  increased  the  percentage  of  its  budget  allocated  to 
investigator-initiated  research.   This  increase,  coupled  with  the  NIH  policy 
of  stabilizing  the  science  base  for  investigator- initiated  research,  effec- 
tively demonstrates  that  priority-setting  and  program  selection  for  a  major 
portion  of  the  total  NCI  effort  are  the  end  products  of  the  peer  review 
system. 

Planning 

Planning  encompasses  activities  ranging  from  the  development  of  a 
strategic  plan  for  a  national  program  to  the  establishment  of  an  annual  budget 
for  a  single  project.   To  be  effective,  planning  must  be  closely  related  to 
budgetary  operations  and  to  evaluation  activities,  with  a  continual  feedback 
of  information  from  these  activities. 

Planning  is  the  "organized  thinking"  of  an  individual  or  a  group  of 
individuals.   Its  purpose  is  to  reach  a  consensus  about  which  directions 
(broad  objectives)  appear  most  promising  and  which  alternative  methods 
(courses  of  action)  and  means  (organization  and  resources)  are  needed  to 
implement  the  desired  courses  of  action  so  as  to  solve  a  problem  or  to  achieve 
the  objectives  of  a  program.   The  initial  plan  is  rarely  valid  for  the  life  of 
a  major  program  but  must  be  updated  as  often  as  changing  requirements  dictate. 

Plans  provide  a  reference  for  making  rational  decisions  regarding  the 
pursuit  of  findings,  leads,  and  opportunities;  a  basis  for  assessing  account- 
ability for  the  use  of  public  funds;  and  an  effective  mechanism  for  the 
efficient  organization  and  use  of  available  knowledge  and  resources. 
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At  the  NCI,  planning  is  accomplished  at  three  major  levels  of  operation: 
the  national  or  strategic  level,  the  individual  program  level,  and  the 
individual  project  level.   The  first  two  levels  are  group  activities,  while 
project  planning  (development  of  the  experimental  design)  is  strictly  the 
domain  of  the  individual  scientist.   Planning  at  the  strategic  and  individual 
program  levels  is  primarily  concerned  with  planning  for  science  rather  than 
the  planning  of  science,  which  takes  place  at  the  project  level  by  whatever 
means  or  approaches  the  individual  investigator  considers  appropriate. 
Strategic  and  program  level  planning  activities  are  conducted  with  the 
participation  of  both  Federal  and  non-Federal  scientists.   Program  plans  are 
usually  updated  on  a  "rolling"  basis  by  the  program  staff  as  required  by 
changing  conditions  and  new  information. 

Program  plans  are  used  in  a  variety  of  ways  by  program  staffs.   At  one 
end  of  the  spectrum,  once  the  planning  sessions  have  been  completed  and  the 
intellectual  exploration  of  a  particular  problem  has  reached  an  end  point,  the 
actual  plan  may  serve  only  as  a  general  and  occasional  reference.   At  the 
other  extreme,  the  planning  group  may  develop  a  very  detailed  operational 
plan,  which  becomes  the  basis  for  making  budget  allocations,  tracking  the 
program,  and  changing  program  directions. 

Although  the  Office  of  Program  Planning  and  Analysis  (OPPA)  is  organi- 
zationally located  in  the  Office  of  the  Director  (OD),  NCI,  major  planning 
activities  are  not  a  central  function  of  the  OD  but  rather  are  a  cooperative 
effort  between  the  OD  planning  staff  and  the  operating  Divisions.   The  OPPA 
coordinates  the  development  of  major  planning  documents  and  reports  and  of 
planning  activities  that  cut  across  other  NIH  Institutes  and/or  Federal 
agencies.   The  OPPA  performs  a  service  function  by  providing  experienced 
professional  staff  who,  with  divisional  staff,  form  teams  to  accomplish 
specific  planning  requirements.   The  extent  to  which  formal  planning      * 
techniques  are  used  is  at  the  discretion  of  the  planning  team. 

The  integration  of  the  planning  and  budgeting  processes  is  critical  if 
program  operations  are  to  reflect  the  content  of  a  plan;  otherwise,  the 
planning  function  becomes  just  an  exercise.   NCI  planning  and  budget  staff 
members  coordinate  their  activities  throughout  each  planning  and  budget  cycle 
rather  than  only  at  the  beginning  and  the  end.   Therefore,  by  the  time  the 
substantive  content  of  a  plan  for  a  given  program  has  been  completed, 
estimates  of  cost  and  other  resource  requirements  have  also  been  developed. 


Evaluation 

Like  planning,  evaluation  is  accomplished  as  an  integral  part  of  pro- 
gram operations.   Each  program  plan  includes  criteria  suitable  for  the 
evaluation  of  program  performance.   The  rigor  of  the  evaluation  process  and 
the  approaches  used  for  performance  evaluation  are  dictated  by  the  type  of 
program  or  activity  to  be  evaluated.   For  example,  programs  with  quantitative 
objectives  (training,  construction,  information  systems)  can  be  evaluated  both 
during  the  course  of  performance  and  upon  completion,  and  the  degree  of 
success  or  failure  to  attain  established  objectives  can  be  assessed  at  both 
times  with  a  good  degree  of  precision.   However,  for  basic  research  efforts 
that  are  exploratory  by  definition  and  in  which  objectives  are  usually 
expressed  in  qualitative  or  subjective  terms  (for  example,  to  elucidate  the 
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mechanism  of  action  of  certain  viruses  or  to  determine  genetic  sequences), 
evaluation  is  not  as  clear-cut.   Beyond  the  initial  evaluation  of  scientific 
merit  and  promise  accomplished  by  the  peer  review  system,  performance  eval- 
uation of  basic  research  presents  a  unique  set  of  problems.   Because  basic 
research  efforts  are  exploratory  and  long-term  in  character,  direction  of 
effort  may  change  several  times  during  the  life  of  the  project,  and  substan- 
tive evaluation  during  the  course  of  performance  is  usually  not  relevant.   The 
evaluation  of  basic  research  is  made  even  more  difficult  by  the  fact  that  any 
one  of  the  following  outcomes  is  considered  a  success. 

•  Established  objectives  were  attained,  and  the  results  contribute 
immediately  to  the  solution  of  a  particular  aspect  of  the  cancer 
problem. 

•  Established  objectives  were  attained,  and  the  contribution  of  the 
results  to  solving  a  particular  aspect  of  the  cancer  problem  is  not 
known  immediately  but  must  await  future  assessment. 

•  Established  objectives  were  not  achieved,  but  the  effort  provided 
information  and/or  insights  useful  to  future  research. 

NCI  evaluation  activities  deal  with  two  major  levels  of  operation: 
national  and  program.   Aside  from  the  Director  and  his  staff,  the  individuals 
or  groups  responsible  for  performing  these  evaluations  usually  deal  with  only 
one  of  these  levels.   The  President's  Cancer  Panel  and  the  National  Cancer 
Advisory  Board  are  primarily  responsible  for  assessing  the  overall  national 
effort,  but  they  may  also  review  and  assess  the  programs  and  operations  of  a 
particular  NCI  Division.   The  Director  and  Division  Directors  frequently 
initiate  internal  studies  to  evaluate  performance  in  addition  to  those 
evaluation  activities  performed  by  officially  established  external  groups. 

At  the  national  level,  the  concern  is  with  the  overall  effectiveness  of 
the  total  NCI  effort  and  with  the  NCI's  role  as  the  lead  Federal  agency  in  the 
National  Cancer  Program  (NCP) .   The  Director,  NCI,  the  President's  Cancer 
Panel,  and  the  National  Cancer  Advisory  Board  each  prepares  an  annual  report 
assessing  the  overall  effectiveness  of  the  NCI  programs,  including  the 
identification  of  major  problem  areas  and  recommendations  for  solutions. 
National  level  evaluation  activities  are  concerned  with  broad  program 
directions,  program  "balance,"  or  the  relative  investment  of  resources  in  the 
major  areas  of  cancer  research  and  control  as  well  as  with  the  overall 
effectiveness  of  NCI's  management  and  its  relationships  with  other  Federal 
agencies . 

At  the  program  level,  internal  evaluation  (and  evaluation  performed  by 
the  Boards  of  Scientific  Counselors)  is  primarily  directed  toward  the  content, 
quality,  and  effectiveness  of  the  major  research  and  control  programs  of  the 
Institute  from  the  perspective  of  divisional  operations.   The  identification 
of  new  leads  and  opportunities,  the  establishment  or  reordering  of  priorities, 
and  budget  requirements  and  budget  shifts  are  determined  on  the  basis  of  the 
results  of  these  evaluations. 

NCI  evaluation  activities  are  summarized  in  Table  III-2. 
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Table  III-2. 
NCI  Evaluation  Activities 


Level  of  Program 
Operation 

Type  of  Activity 

Performer 

Frequency 

A.  National 

1.  Overall  evaluation  of  INCI's  total  program  effort  including 

Director,  NCI 

Regularly  4  times  per 

both  science  (quality  program  "balance")  and  the  effi- 

— 

year  plus  periodic  special 

ciency  of  management  and  administrative  procedures. 

National  Cancer  Advisory 

reviews  for  NCAB  and 

Specific  programs  are  reviewed  in  depth  by  the  special 

Board 

President's  Panel.  Several 

subcommittees  of  the  National  Cancer  Advisory  Board 

— 

internal  studies  may  he 

(NCAB)  and  the  President's  Cancer  Panel.  Annual  pro- 

President's Cancer  Panel 

ongoing  at  the  same  time. 

gram  reviews  are  also  conducted.  The  Director,  NCI,  the 

NCAB,  and  the  President's  Panel  prepare  annual  evalua- 

tion reports  of  the  total  program  based  on  these  reviews. 

which  may  include  site  visits. 

B.  Program 

2.  In-depth  assessment  of  particular  programs 

President's  Cancer  Panel 

4  times  per  year  plus 

(e.g.,  immunology)  for  quality,  need,  relevance 

— 

special  review 

to  cancer,  reflection  of  current  stale  of  knowledge. 

National  Cancer  Advisory 

appropriateness  of  level  of  support  considering 

Board 

other  program  needs  and  priorities.  Program 

— 

presentations  made  by  NCI  program  leaders  and 

Boards  of  Scientific  Counselors 

non-Federal  scientists.  Site  visits  may  be  included. 

3.  Evaluation  of  major  NCI  programs  (e.g.,  preclinical 

All  contractors  and  grantees 

Annually 

research,  epidemiology)  for  accomplishments,  new 

for  a  specific  program 

opportunities,  current  priority.  Annual  meetings  are  held 

where  NCI  and  non-Federal  scientists  evali^ate  program 

performance  and  make  recommendations  for  following 
year. 

4.  Review  of  a  completed  program  (usually  non-research) 

Contractors  for  1  %  set- 

Upon  completiim  of  study 

selected  by  a  Division  for  evaluation  of  accomplishments 

aside  studies 

(e.g.,  effectiveness  of  Fellowship  Training  Program). 

5.  Evaluation  of  national  research  efforts  in  five  organ  sites 

Organ  site  program  working 

2-4  limes  per  year 

which  account  for  the  majority  of  incidence  and  mortality 

cadres  (e.g.,  colon,  prostate. 

, 

from  cancer.  The  NCAB  Subcommittee  on  Organ  Site 

pancreas,  bladder),  and 

Programs  assures  the  NCAB  that  each  program  is  well 

participating  scientists 

planned,  adequately  publicized,  and  properly  managed. 

— 

and  that  merit  review  of  applications  meets  high 

Breast  Cancer  Task  Force 

standards.  Subcommittee  members  are  invited  as  observers 

— 

to  all  meetings  and  workshops. 

NCI  National  Organ  Site 
Programs  Branch 

6.  Evaluation  of  Cancer  Centers  Programs  for  content. 

National  Cancer  Advisory 

Periodically 

quality  of  work,  and  special  conlribulions  to  the 

Board 

National  Cancer  Program.  Site  visits  are  made  to  each  of 

the  comprehensive  centers  to  evaluate  them  for  "com- 

prehensiveness." Under  contract,  profiles  have  been 

developed  for  centers  as  a  basis  for  evaluation. 

7.  Staff  groups  appointed  by  the  Director,  NCI,  to  perform 

NCI  scientific  staff  and 

Ongoing 

in-depth  analysis  and  evaluation  of  NCI's  research  pro- 

invited non-Federal  scientists 

grams.  These  groups  review  all  grant,  contract,  and 

intramural  research  in  a  given  program  area  for  ade- 

quacy of  support,  quality  of  research  and  priority  relevant 

to  needs  of  the  national  program.  Their  reports  are 

reviewed  by  the  NCI  Executive  Committee  and  submitted 

(0  the  Director  with  recommendations  for  implementation. 

8.  Development  of  NCI  contribution  to  NIH  Evaluation  Plan 

NCI  staff 

Annually 

including  plans  for  both  regular  and  1%  set-aside  projects. 

Material  is  developed  by  program  staff  in  accordance  with 

NIH  guidelines  and  is  coordinated  by  the  OD,  NCI.  Post- 

award  monitoring  and  evaluation  are  performed  by 

respective  program  staffs. 
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In  1970,  with  the  passage  of  P.L.  91-296,  the  Public  Health  Service  Act 
(42  use  299b)  was  amended  to  set  aside  up  to  one  percent  of  the  funds 
appropriated  to  any  program  authorized  by  the  PHS  Act  or  several  related  acts. 
This  fund  is  to  be  used  at  the  discretion  of  the  Secretary,  DHHS,  for  the 
evaluation  of  health  programs  and  associated  activities.   In  the  past,  most 
one  percent  set-aside  evaluation  projects  were  retrospective  in  character; 
that  is,  they  were  concerned  with  certain  elements  of  programs  that  have  been 
completed  or  with  elements  at  a  stage  of  development  when  evaluation  is 
appropriate.   Such  evaluations  provided  information  essential  to  the  planning 
process.   Therefore,  evaluation  criteria  are  frequently  developed  during  the 
planning  process. 

Evaluations  of  the  effectiveness  of  the  Cooperative  Clinical  Trials 
Outreach  Program  and  the  Community  Hospital  Oncology  Program  (CHOP)  have  been 
completed  recently;  set-aside  funds  were  used.   Current  set-aside  projects  are 
concerned  with  the  impact  of  the  estrogen  receptor  assay  on  the  treatment  of 
breast  cancer;  the  Cancer  Communications  Network;  and  the  overall  impact 
of  NCI  information  dissemination  efforts  on  levels  of  public  knowledge, 
attitudes,  and  behavior  related  to  cancer.   An  evaluation  of  the  impact  of  the 
International  Cancer  Research  Data  Bank  (ICRDB)  will  be  initiated  in  FY  1983. 


THE  NCI  BUDGET 


The  NCI  budget  contains  over  20  mechanisms  of  support,  including  grants, 
contracts,  and  intramural  research.   Included  within  these  mechanisms  are  the 
varied  grant-supported  activities,  such  as  traditional  investigator-initiated 
grants,  program  projects,  cancer  centers,  training  (National  Research  Service 
Awards),  construction,  cancer  control,  clinical  cooperative  groups,  and 
research  and  resource  contracts.   While  the  aforementioned  are  the  mechanisms 
of  support,  the  NCI  budget  is  presented  and  organized  along  general  scientific 
areas  and  support  functions,  i.e..  Cancer  Biology;  Cause  and  Prevention; 
Detection  and  Diagnosis;  and  Treatment,  Rehabilitation  and  Continuing  Care. 

The  budget  projections  presented  in  this  document  do  not  represent  those 
currently  endorsed  by  the  Administration,  but  rather  reflect  the  professional 
judgment  of  the  NCI  Director  and  his  Executive  Committee,  the  National  Cancer 
Advisory  Board  (NCAB) ,  and  the  President's  Cancer  Panel.   The  following 
tables/graphs  depict  the  NCI  budget,  including  future  year  projections,  by  the 
different  programs  and  mechanisms  of  support. 

Highlights  follow: 

Figure  III-l  -  compares  authorization,  or  maximum  funding  levels  approved 
by  the  Congress,  with  actual  NCI  levels  since  1982. 

Figure  III-2  -  provides  NCI  fiscal  projections  through  1988. 

Table  III-3  -  shows  current  and  projected  funding  for  the  four  major 
categories  of  activity  and  for  the  three  components  (research,  resources 
and  support,  and  cancer  control). 
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Table  III-3. 

Projected  Distribution  of  Resources  by  Major  Categories 

of  Activity*  (Thousands  of  Dollars) 


FY 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

Research 

181,097 

182,515 

201,846 

231,415 

265,892 

301.074 

335,410 

l_    »^ 

v   ac 

=  ■1 

Resources  and  Support 

25,380 

25,559 

32.834 

36,960 

40,040 

43.780 

47,520 

U(5 

Total 

206,477 

208.074 

234.680 

268,375 

305.932 

344,854 

382.930 

Research 

226,861 

229.859 

254.872 

295,652 

342,192 

388.990 

440,264 

s  o 

Control 

14,513 

25,259 

28.020 

40,470 

50.630 

58,560 

67.100 

u  a. 

Resources  and  Support 

42,685 

42,986 

55.222 

62,160 

67.340 

73,630 

79.920 

Tola! 

284,059 

298. 104 

338,114 

398,282 

460. 162 

521.180 

587,284 

Research 

56,496 

54,015 

61.992 

72,291 

80,908 

9\J51 

101,837 

E     O 

o   e 

'C    0X1 

Control 

9,490 

9,542 

9.137 

6,390 

4,980 

5,760 

6,600 

|q 

Resources  and  Support 

11,537 

11.618 

14.925 

16.800 

18,200 

19.900 

21,600 

a 

Tolal 

77,521 

75.175 

86.054 

95.481 

104,088 

117.417 

130,037 

Research 

307,390 

316.750 

345.128 

396,642 

454,008 

514,179 

578,489 

lalion 
uing  C 

Control 

31,817 

21.330 

23.757 

24,140 

27,390 

31.680 

36,300 

aJ  =    = 

Resources  and  Support 

35,763 

36.016 

46,267 

52.080 

56.420 

61,690 

66,960 

Tolal 

374,970 

374.096 

415, 152 

472.862 

537,818 

607.549 

681,  749 

ro/o/5 

943.029 

955.449 

1,074,000 

1,235,000 

1,408.000 

1.591,000 

1,782,000 

*\s  determined  by  NCI's  professional  judgment;  does  not  reflect  competing;  priorities 
of  (he  Department  and  the  Administration. 
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Table  III-4. 

Projected  Distribution  of  Resources  by  Major  Component* 

(Thousands  of  Dollars) 


FY 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

Epidemiology 

54.202 

55,644 

63.322 

75.000 

87,000 

100.000 

114,000 

Chemical  and  Physical  Carcinogenesis 

84.143 

89,457 

96.995 

111.000 

129,000 

147.000 

167,000 

Biological  Carcinogenesis 

89.145 

85,060 

93.781 

108.000 

122,000 

137.000 

153,000 

ifi 

Nutrition** 

15.351 

17,060 

19.283 

24,000 

31,000 

36.000 

42,000 

£ 

eio 

e 

Tumor  Biology 

112.596 

115.006 

128.282 

147,000 

169,000 

192.000 

214,000 

0. 

Immunology 

75,229 

72.479 

80.463 

92,000 

105.000 

118.000 

131,000 

Diagnosis 

39.947 

37.010 

42,152 

49,000 

54.000 

61.000 

67,000 

Qfi 

Preclinical  Treatment 

145.165 

151,408 

165,775 

190,000 

217,000 

246,000 

277,000 

Clinical  Treatment 

154.840 

158,421 

172,762 

199,000 

228,000 

258,000 

290,000 

Rehabilitation 

1.226 

1,594 

1,023 

1,000 

1,000 

1,000 

1.000 

Total 

771,844 

783.139 

863.838 

996.000 

1,143.000 

1.296.000 

1.456.000 

Cause  and  Prevention 

14.513 

25.259 

28,020 

40,470 

50.630 

58,560 

67,100 

1 

Detection  and  Diagnosis 

9.490 

9.542 

9,137 

6,390 

4.980 

5,760 

6,600 

o 

Treatment.  Rehab.,  &  Cont.  Care 

31.817 

21,330 

23.757 

24,140 

27.390 

31,680 

36,300 

Totai 

55.820 

56.131 

60.914 

71.000 

83.000 

96.000 

110.000 

Manpower  Development 

35.414 

35.407 

43,847 

49,300 

54.000 

58.000 

61,000 

e 

Construction 

5.062 

2.514 

20,648 

24,700 

25.000 

27,000 

30,000 

3  a 
o  o 

as  J 

a 

Centers 

74,889 

78.258 

84.753 

94,000 

103.000 

114,000 

125,000 

Total 

115,365 

116.179 

149.248 

168,000 

182.000 

199.000 

216.000 

ro/a/5 

943.029 

955,449 

1,074.000 

1,235,000 

1.408.000 

1.591.000 

1.782.000 

*As  determined  by  NCI's  prol'essional  judgment;  does  not  reflect  competing  priorities  ol'  the  Department  and  the  Administration. 
*I)oe.s  not  include  related  nutrition  research  in  carcinogenesis,  tumor  biology,  epidemiology,  rehabilitation  or  manpower  development. 
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Table  III-4  -  shows  current  and  projected  funding  in  the  traditional  NCI 
program  structure. 

Charts  and  tables  presenting  NCI  budget  information  by  mechanisms 
(grants,  contracts,  etc.)  and  by  organizational  structure  (OD,  Division,  etc.) 
can  be  found  in  the  NCI  Fact  Book,  vThich  is  revised  and  published  annually. 


COORDINATION  OF  THE  NATIONAL  CANCER  PROGRAM 

Coordination  of  the  National  Cancer  Program  (NCP)  is  mandated  by  the 
National  Cancer  Act.   A  variety  of  public  and  private  agencies,  organizations, 
and  institutes  involved  in  a  range  of  cancer  activities  contribute  to  the  NCP. 
Coordination  of  these  activities  requires  that  the  components  work  together  in 
a  concerted  effort  to  achieve  the  goals  of  the  NCP.   This  effort  calls  for 
exchanging  information  and  ideas,  avoiding  unnecessary  overlap  and  duplica- 
tion, supporting  the  various  kinds  of  expertise  needed  in  the  NCP,  and 
stimulating  increased  awareness  throughout  the  Government  and  private  sector. 
In  essence,  coordination  entails  the  development  of  a  working  knowledge  of  the 
program-related  activities  of  all  participating  organizations. 

Effective  coordination  enhances  the  performance  of  the  wide  spectrum 
of  activities  within  the  NCP  and  facilitates  collaboration  and  cooperation 
among  various  participants.   Coordination  of  the  NCP  takes  many  forms: 
interaction  between  top-level  management  and  scientific  program  directors, 
and  communication  and  information  exchange  between  wo_rking  researchers  and 
scientist-administrators  to  ensure  efficiency  of  resource  and  support 
programming . 

Coordination  of  the  NCP  can  be  described  as  a  series  of  concentric 
rings  with  NCI  at  the  center  and  with  the  character  of  the  coordinating 
process  changing  as  it  proceeds  outside  the  NCI  from  a  comprehensive,  direct 
management  activity  to  a  series  of  activities  that  promote  awareness,  infor- 
mation exchange,  and  collaboration  among  the  other  Institutes  of  the  NIH, 
other  Federal  agencies,  and  the  private  sector,  and  at  the  international 
level . 

Within  the  NCI,  coordination  and  information  exchange  are  promoted  by  the 
seven  major  meetings  listed  in  Figure  III-3. 

The  Director's  Seminar  meets  weekly  and  provides  the  Director  with  a 
science  counterpart  to  the  business,  managerial,  and  operational  aspects  of 
other  Office  of  the  Director  (OD)  meetings.   Promising  scientific  opportu- 
nities and  leads  as  well  as  scientific  problems  and  program  issues  are 
discussed  with  scientific  staff. 

The  NCI  Executive  Committee  formulates  Institute  policy  regarding  program 
operations,  overall  management,  and  budget  development,  and  performs  the 
corporate  review  and  allocation  of  budget  and  resources.   Participants  review 
major  programs  in  research,  control,  and  resources  development  and  advise  the 
Director  on  reductions,  expansions,  terminations,  and  initiation  of  new 
program  efforts  within  the  context  of  the  NCP. 
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Figure  III-3. 

Meetings  and  Information  Flow 

Within  the  NCI 
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The  OD  staff  meets  daily  to  advise  the  Director  on  general  Institute 
policy  and  operations,  including  policies,  programs,  and  budgets  for  areas  of 
responsibility  in  the  OD,  and  the  development  of  strategies  for  carrying  out 
the  corporate  decisions  of  the  Executive  Committee. 

The  Planning,  Evaluation  and  Legislative  Staff  meets  biweekly  to  coordi- 
nate divisional  evaluation  and  planning  activities,  to  deal  with  related 
special  issues  and  reports,  and  to  provide  Institute  positions  and  responses 
related  to  legislation  and  Congressional  issues. 

Administrative  Officers  exchange  information,  solve  problems,  discuss  and 
develop  administrative  policy  and  procedures,  and  share  advice  about  applying 
policies  and  procedures  mandated  by  higher  organization  levels  in  their 
biweekly  meetings.   Occasionally,  representatives  of  NIH-level  service 
organizations  are  invited  to  discuss  current  issues. 

The  Administrative  Staff  Meeting  is  primarily  for  information  exchange 
and  transmission  of  business  management  policies,  procedures,  and  news  and 
includes  summaries  of  NIH-level  meetings,  such  as  meetings  of  Executive 
Officers,  Personnel  Officers,  and  Budget  Officers.   NCI  business  management 
plans,  policies,  and  procedures  are  discussed  and  developed,  and  problems  are 
identified  for  resolution. 

The  extramural  business  staff  meets  to  discuss  and  develop  policies  and 
procedures  affecting  the  business  management  of  NCI  grants  and  contracts. 
They  also  develop  and  oversee  the  information  handling  systems  for  managing 
extramural  resources  and  activities  and,  as  necessary,  interact  with  division 
and  NIH  staff. 

Each  division  as  well  as  the  Office  of  the  Director  of  the  NCI  has  a 
Chief  of  Project  Officers  to  monitor  contract  activities.   Each  Chief  reports 
directly  to  the  division  director,  or  in  the  case  of  the  OD,  to  the  NCI 
Director,  and  provides  a  centralized  oversight  of  the  project  officer 
function. 

In  addition,  each  of  the  four  programmatic  divisions  has  a  Chief  of 
Program  Directors,  who  meets  regularly  with  the  Director  of  the  Division  of 
Extramural  Activities  to  aid  in  the  coordination  of  the  activities  of  the 
Divisional  Boards  of  Scientific  Counselors.   At  these  meetings,  members 
exchange  information  about  program  perspectives  and  projections,  discuss  NCI 
and  NIH  grant  management  and  review  policies,  and  take  part  in  transdivisional 
discussions  of  extramural  support  issues.   They  serve  as  the  divisional  link 
for  coordinating  the  activities  of  their  Boards  of  Scientific  Counselors  (BSC) 
and  for  strengthening  the  BSC/National  Cancer  Advisory  Board  interface,  and 
they  transfer  information  about  all  extramural  activities,  both  review  and 
management,  to  their  divisions'  program  staffs. 

Mechanisms  for  coordination  within  the  NCI  are  facilitated  by  the  program 
structure  previously  described.   The  structure  identifies  activities  conducted 
throughout  the  NCI.   Individual  research,  control,  and  resource  development 
activities  are  supported  and  managed  within  divisions,  and  the  program  struc- 
ture assists  division  directors  in  effectively  coordinating  their  areas  of 
responsibility.   This  approach  facilitates  periodic  program  reviews,  planning 
and  implementation  of  new  activities,  priority  judgments,  allocation  of 
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resources,  overall  program  planning,  and  budget  preparation.   A  major  goal  in 
establishing  an  NCI  program  or  organizational  structure  is  to  promote  and 
improve  coordination  within  the  Institute,   The  program  and  organizational 
structure  are  reviewed  periodically  to  ensure  that  optimum  coordination  is 
achieved  and  that  established  priorities  are  emphasized. 

At  the  NIH  level,  NCI  staff  coordinate  with  other  Institutes  through 
scientific,  administrative,  and  management  committees  and  meetings.   For 
example,  the  Scientific  Director,  Financial  Management  Officer,  Personnel 
Officer,  Executive  Officer,  Planning  and  Evaluation  Officer,  and  Information 
Officer  meet  regularly  with  their  counterparts  from  other  Institutes. 
Coordination  also  takes  place  on  issues  of  grants  management  and  research 
contracting.   NCI  staff  participates  on  NIH  extramural  program  management 
committees  dealing  with  the  use  of  human  subjects  and  animals  in  research. 

The  NCI  is  involved  in  the  NIH-wide  activity  of  consensus  development. 
Consensus  conferences  provide  the  opportunity  for  information  exchange  between 
Federal  and  non-Federal  groups.   The  NIH  Office  for  Medical  Applications  of 
Research  (OMAR)  facilitates  and  coordinates  consensus  development  activities 
at  the  NIH. 

In  a  more  specific  area,  the  Cooperative  Minority  Biomedical  Program 
(CMBP)  is  a  coordinated  effort  of  the  NCI,  the  Division  of  Research  Resources, 
and  the  National  Institute  of  General  Medical  Sciences.   Awards  are  granted  to 
minority  institutions  in  support  of  research,  research  training,  and  bio- 
medical communications.   Overall,  the  central  objectives  of  the  CMBP  are  to 
achieve  awareness  of  biomedical  careers  among  minorities  through  the  creation 
of  greater  opportunities  for  education;  to  involve  an  increased  number  of 
minorities  in  cancer-related  research  and  training;  and  to  support  minority 
institutions,  individuals  attending  minority  institutions,  and  specific 
research  programs  at  those  institutions. 

The  NCI  participates  in  an  NIH  Working  Group  to  follow  up  on  an  Institute 
of  Medicine  study,  "Health  and  Behavior:   A  Research  Agenda."   This  group 
deals  with  the  recommendations  as  they  specifically  relate  to  NIH  in  terms  of 
biobehavioral  science  and  its  contribution  to  disease  prevention  and  health 
promotion.   NCI  staff  serve  on  the  new  NIH  Kaposi's  Sarcoma  Working  Group, 
which  was  formed  to  aid  in  controlling  the  current  epidemic  of  acquired 
immunosuppression,  opportunistic  infections,  and  Kaposi's  sarcoma.   The 
primary  function  of  the  group  is  to  foster  information  exchange  among  NIH  and 
extramural  staff  and  to  provide  a  ready  channel  for  making  current  research 
findings  available  to  the  Centers  for  Disease  Control  (CDC)  and  other  agencies 
involved  in  controlling  the  disease. 

The  membership  and  responsibilities  of  the  NIH  Nutrition  Coordinating 
Committee  (NCC),  established  in  1975  to  coordinate  the  nutrition  research 
performed  by  the  Institutes  of  NIH,  have  been  expanded  as  a  DHHS  Health 
Research  Initiative.   The  NIH-NCC  now  includes  liaison  members  from  other 
agencies  of  the  Public  Health  Service,  notably  the  Alcohol,  Drug  Abuse,  and 
Mental  Health  Administration  (ADAMHA);  the  Food  and  Drug  Administration  (FDA); 
CDC;  the  Office  of  Health  Research  Statistics  and  Technology  (OHRST);  and  the 
Health  Resources  Administration  (HRA).   The  NIH-NCC  has  facilitated  the 
development  of  a  comprehensive  DHHS  program  in  the  biomedical  and  behavioral 
aspects  of  nutrition  research  and  training. 
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Cross-governmental  coordination  is  further  facilitated  by  the  National 
Cancer  Advisory  Board,  which  includes  representatives  from  the  NIH  and  other 
Federal  agencies.   These  ex  officio  members  are  from  the  Environmental 
Protection  Agency  (EPA);  the  National  Institute  of  Environmental  Health 
Sciences  (NIEHS);  FDA;  the  Department  of  Defense;  the  Office  of  Science 
and  Technology  Policy,  Executive  Office  of  the  President;  the  Consumer 
Product  Safety  Commission  (CPSC);  the  Department  of  Labor;  the  Veterans 
Administration  (VA) ;  and  the  National  Institute  for  Occupational  Safety  and 
Health  (NIOSH) . 

The  research  programs  on  birth  defects  supported  by  many  agencies  of  the 
DHHS  (including  the  NCI,  CDC,  FDA,  the  Office  for  Maternal  and  Child  Health, 
ADAMHA,  and  the  National  Center  for  Health  Statistics  [NCHS])  are  being 
coordinated. 

In  a  collaborative  epidemiological  study,  the  NCI,  together  with  several 
other  Institutes  of  the  NIH  and  NCHS,  seeks  to  relate  dietary  habits  to  the 
subsequent  risk  of  cancer.   Several  collaborative  programs  with  CDC,  NIOSH, 
and  EPA  are  aimed  at  identifying  human  population  groups  susceptible  to  or  at 
high  risk  of  cancer. 

The  NCI  is  contributing  to  the  National  Toxicology  Program  (NTP)  activi- 
ties through  an  interagency  agreement  with  NIEHS.   Other  agencies  involved  in 
the  NTP  are  the  FDA  and  NIOSH.   The  NTP  serves  as  a  focus  for  coordinating 
toxicology  test  development  and  testing  among  the  relevant  health  research  and 
health  regulatory  agencies.   The  NCI  nominates  compounds  for  testing  and 
serves  on  both  the  Chemical  Evaluation  Committee  and  the  Executive  Committee 
of  the  NTP.   In  addition  to  the  NTP,  the  NCI  is  involved  with  several  other 
committees  on  toxic  substances. 

The  NCI,  together  with  the  NIH,  ADAMHA,  and  FDA,  serves  on  a  recently 
established  Orphan  Products  Board  within  DHHS.   The  group  monitors, 
coordinates,  and  implements  Departmental  activities  in  the  area  of  drugs, 
chemicals,  biologicals,  and  devices  of  limited  commercial  value  but  of 
significance  in  health  and  disease.   The  NIH  provides  FDA  with  scientific 
information  about  orphan  drug  developments. 

The  NCI  has  a  collaborative  program  for  clinical  research  with  the 

Navy  Medical  Oncology  Branch  at  the  Bethesda  Naval  Hospital  to  study  the 

use  of  combined  modality  therapy  in  patients  having  a  variety  of  malignant 
diseases . 

In  response  to  an  increased  public  concern  about  radiation  exposure,  DHHS 
developed  a  health  research  initiative  on  the  biological  effects  of  low-level 
ionizing  radiation.   NCI  is  the  lead  agency  for  this  initiative,  which  empha- 
sizes research  leading  to  a  clearer  understanding  of  the  risk  of  exposure  to 
low-level  ionizing  radiation  from  natural  sources,  nuclear  energy,  industrial 
products,  and  medical  procedures.   Cooperating  DHHS  agencies  are:   NIH,  the 
Bureau  of  Radiological  Health  of  FDA,  NIOSH,  and  the  Center  for  Environmental 
Health  of  CDC.   Information  generated  from  this  research  may  be  used  to  make 
recommendations  leading  to  public  health  standards  for  human  exposure  to 
ionizing  radiation.   In  addition,  the  Three  Mile  Island  Follow-up  Research 
Subcommittee  of  the  Interagency  Radiation  Research  Committee  (IRRC),  an  inte- 
grated effort  among  the  NIH,  the  NCI,  CDC,  FDA,  and  others,  was  established  to 
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review  and  clarify  the  health  effects  of  the  reactor  breakdown.   The  NCI  also 
participates  in  and  supports  other  IRRC  activities  concerned  with  health 
effects  of  low-level  exposures  to  ionizing  radiation.   The  NCI  also  has  a 
collaborative  agreement  with  the  FDA  Bureau  of  Radiological  Health  for  quality 
assurance  in  diagnostic  and  therapeutic  radiation  and  has  many  interagency 
agreements  with  the  Department  of  Energy  (DOE)  related  to  the  effects  of 
low-level  ionizing  radiation. 

Along  with  the  NCI,  numerous  Federal  agencies  are  concerned  with  disease 
as  it  relates  to  environmental  and  occupational  exposures.   In  order  to 
promote  coordination  in  this  area,  the  NCI  participates  in  collaborative 
efforts  with  several  of  these  organizations.   Several  examples  follow. 

•  Agreements  with  EPA  to  conduct  studies  of  environmental  causes  of 
cancer  in  general  and  the  human  health  effects  of  ozone  depletion  in 
particular 

•  An  agreement  with  the  Occupational  Safety  and  Health  Administration 
(OSHA)  for  the  work  hazard  information  program 

•  A  NIOSH-NCI  joint  study  on  occupational  carcinogenesis 

•  Agreements  with  DOE  to  develop  a  report  and  data  base  on  carcinogens 
and  mutagens  in  drinking  water  and  water  affected  by  energy  tech- 
nologies, and  to  develop  training  courses  on  environmental  mutagens 
and  carcinogens 

•  NCI-CDC  agreements  to  conduct  epidemiological  studies  of  cancer  in 
Alaskan  natives  and  of  the  consequences  of  polybrominated  biphenyl 
contamination  of  farms  in  Michigan. 


The  NCI  belongs  to  several  committees  involved  in  environmental  cancer, 
among  them  the  Interagency  Collaborative  Group  on  Environmental  Carcinogenesis 
(ICGEC).   The  ICGEC  is  an  informal  committee,  chaired  by  a  representative  of 
the  NCI's  Division  of  Cancer  Cause  and  Prevention,  that  serves  as  a  forum  for 
exchanging  information  among  member  organizations — the  NCI,  NIEHS,  the  U.S. 
Department  of  Agriculture  (USDA) ,  the  Council  on  Environmental  Quality,  the 
National  Oceanic  and  Atmospheric  Administration,  the  National  Aeronautics  and 
Space  Administration  (NASA),  the  Department  of  Transportation,  the  National 
Science  Foundation,  and  others  involved  in  environmental  carcinogenesis 
research  and  regulation. 

The  NCI  is  involved  with  several  committees  concerned  with  smoking  and 

health.   The  DHHS  Interagency  Coordinating  Committee  on  Smoking  and  Health  was 

established  to  coordinate  the  Department's  activities  and  to  develop  a 
research  plan. 

Another  DHHS  committee  coordinates  smoking  information  and  education 
programs  among  Federal  agencies.   The  Working  Group  on  Smoking  and  Heart, 
Lung,  and  Blood  Diseases  of  the  Interagency  Technical  Committee  coordinates 
information  exchange  among  the  NCI;  the  National  Heart,  Lung  and  Blood 
Institute;  the  Office  of  Personnel  Management;  the  Department  of  the  Army; 
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USDA;  the  National  Institute  on  Drug  Abuse;  the  Office  on  Smoking  and  Health; 
EPA;  NASA;  NIEHS ;  DOE;  the  Department  of  Education;  and  the  Health  Services 
Administration. 

NCI's  efforts  to  promote  coordination  of  the  National  Cancer  Program  go 
beyond  activities  with  other  Federal  agencies  to  involve  the  private  sector. 

The  development  of  comprehensive  cancer  centers  is  one  major  approach  to 
coordinating  a  national  program  that  includes  organizations  such  as  public  and 
private  hospitals,  universities,  research  institutes,  and  voluntary  organiza- 
tions.  These  centers,  located  around  the  country,  conduct  basic  and  clinical 
research,  multimodality  treatment  trials,  and  cancer  control  activities.   They 
serve  as  focal  points  for  community  involvement,  for  continuing  education  of 
health  professionals  in  cancer,  for  research  training,  and  for  the  sharing  of 
cancer  information  with  voluntary  organizations,  such  as  the  American  Cancer 
Society,  and  the  public. 

The  NCI  Surveillance,  Epidemiology,  and  End  Results  (SEER)  program 
gathers  data  on  all  cancer  patients  in  ten  designated  areas  in  the  United 
States  and  Puerto  Rico.   These  data  are  used  to  determine  the  national 
incidence,  mortality,  survival  rates,  and  cancer  trends.   This  program  also 
provides  information  for  epidemiological  studies,  such  as  the  joint  study  by 
the  NCI  and  FDA  on  bladder  cancer. 

Cancer  awareness,  public  information,  and  education  activities  are  coor- 
dinated with  other  private  sector  organizations  in  addition  to  cancer  centers. 
For  example,  the  NCI  serves  on  the  American  Cancer  Society  Public  Information 
Committee.   Current  and  planned  public  information  programs  of  both  the  ACS 
and  NCI  are  reviewed  and  shared.   Various  private  organizations  and  industries 
use  NCI-developed  education  and  awareness  materials,  for  example,  the  two 
programs,  "Progress  Against  Breast  Cancer"  and  "Coping  with  Cancer." 

The  NCI  has  worked  with  labor  organizations  on  preventing  and  identifying 
occupation-related  cancers.   New  Directions  grants,  funded  by  the  NCI  and 
OSHA,  have  been  used  by  labor  groups  to  improve  their  ability  to  help  prevent 
work-related  cancers  among  their  members  through  education,  greater  physician 
awareness,  and  better  access  to  new  information  on  workplace  carcinogens. 

The  NCI  coordinates  with  professional  organizations  in  several  ways. 
NCI  staff  belong  to  a  variety  of  organizations  and,  through  conferences  and 
symposia,  exchange  information  and  ideas  with  the  biomedical  community. 

Research  projects  are  sometimes  conducted  or  sponsored  jointly  by  the  NCI 
and  private  sector  groups.   For  example,  the  NCI,  Du  Pont,  and  the  Formalde- 
hyde Institute  are  conducting  a  study  of  the  effects  of  formaldehyde;  the  ACS 
and  the  NCI  just  completed  a  5-year  screening  program  for  breast  cancer;  and  a 
joint  study  was  conducted  by  the  NCI;  the  Oil,  Chemical,  and  Atomic  Workers 
International  Union;  and  NIOSH  on  oil  refinery  workers  and  brain  cancers.   In 
addition,  a  recent  collaborative  project  between  the  NCI  and  Genentech,  Inc., 
resulted  in  the  first  successful  cloning  of  human  gamma  (immune)  interferon; 
NCI  scientists  are  now  using  this  technique  in  further  studies. 

Coordination  is  not  confined  to  the  United  States.   Collaboration  with 
international  organizations  and  with  scientists  from  foreign  institutions  has 
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made  the  NCI  increasingly  aware  of  factors  crucial  to  the  improvement  of  the 
health  services  needed  for  cancer.   Different  geographic,  environmental, 
occupational,  and  social  conditions  of  peoples  throughout  the  world  contain 
variations  that  have  a  critical  influence  on  the  incidence  and  types  of  cancer 
prevalent  in  a  given  area  of  the  world.   By  sharing  in  international  cancer 
research  resources,  the  NCI  can  ensure  rapid  advances  in  basic  research  and  in 
the  applications  of  research  to  the  prevention,  clinical  management,  and 
control  of  cancer. 

Internationally,  the  NCI  participates  in  nine  bilateral  agreements  for 
the  exchange  of  scientists,  specialists,  technical  information,  and  materials, 
and  in  the  organizing  of  collaborative  research,  international  conferences, 
and  joint  publications. 

The  International  Cancer  Research  Data  Bank  (ICRDB)  program  facilitates 
the  sharing  of  information  about  cancer  with  a  worldwide  audience  through  a 
computerized  science  information  data  bank  and  retrieval  system.   Widely 
attended  international  conferences,  such  as  the  1980  International  Conference 
on  Aging  and  Cancer  (a  cooperative  effort  among  the  NCI,  the  National 
Institute  on  Aging,  the  House  Select  Committee  on  Aging,  and  two  private 
foundations),  are  specific  events  that  build  international  cooperation  in 
health  research.   The  NCI  is  also  a  member  of  two  carcinogenesis  working 
groups  sponsored  by  the  International  Agency  for  Research  on  Cancer  of  the 
World  Health  Organization  and  is  an  active  participant  in  the  development  and 
implementation  of  the  programs  of  the  International  Union  Against  Cancer  and 
the  Pan  American  Health  Organization. 

The  National  Cancer  Institute,  by  coordinating  information  exchange 
between  the  Federal  and  non-Federal  participants  in  the  NCP,  helps  facilitate 
a  concerted  and  cooperative  effort  against  cancer. 
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CHAPTER  IV 
CANCER  BIOLOGY 


MAJOR  ACCOMPLISHMENTS  FOR  FY  1982 

The  findings  from  fundamental  research  in  cancer  biology  are  the  under- 
pinnings for  applied  research  within  the  National  Cancer  Program.   By 
continually  defining  those  properties  of  cancer  cells  that  distinguish 
them  from  normal  ones,  scientists  are  finding  differences  that  can  be 
exploited  for  the  treatment,  diagnosis,  and  prevention  of  cancer. 

Four  major  areas  of  biological  research  supported  by  the  NCI  are  (1)  con- 
trol of  cell  growth;  (2)  mechanisms  of  cell  differentiation;  (3)  the  process 
of  cancer  spread,  or  metastasis;  and  (4)  regulation  of  the  immune  system. 
Improvements  in  technology  continue  to  facilitate  discoveries  in  these  areas. 
The  ability  to  routinely  produce  hybridomas — colonies  of  cells  in  culture  that 
can  synthesize  unlimited  quantities  of  a  single  antibody  molecule  of  desired 
specificity — has  revolutionized  the  use  of  antibodies  as  research  tools.   In 
addition,  these  antibodies  are  already  being  used  as  diagnostic  tools  and  as 
agents  for  the  treatment  of  cancer.   Recombinant  DNA  technology  has  now  been 
perfected  to  the  point  at  which  nearly  any  gene  can  be  purified  and  studied 
under  controlled  experimental  conditions.   As  a  consequence,  our  knowledge  of 
gene  regulation  and  genes  responsible  for  growth  transformation  is  increasing 
at  a  very  rapid  rate.   The  majority  of  basic  research  studies  in  cancer 
biology  now  rely  on  some  aspect  of  hybridoma  or  recombinant  DNA  technology. 

Control  of  Cell  Growth 

Transformation  of  normal  cells  into  malignant  cells  by  RNA  tumor  viruses 
continues  to  reveal  insights  into  the  genetic  mechanisms  of  cancer  cell 
growth.   A  number  of  important  facts  have  emerged  from  studies  of  these 
viruses,  which  are  endemic  in  domesticated  birds  and  inbred  mice: 

•  The  genes  in  viruses  responsible  for  transforming  cells  (oncogenes) 
originally  came  from  normal  cells  and  probably  became  associated  with 
the  viruses  through  genetic  recombination. 

•  Fully  17  oncogenes  have  been  identified.   All  have  counterparts  in 
normal  cells. 

•  In  normal  cells  the  genes  are  present  in  low  or  single  copy. 

•  The  family  of  oncogenes  are  present  in  all  vertebrates.   This  evidence 
of  conservation  throughout  evolution  implies  that  the  genes  serve  a 
key  role  in  the  cell. 
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For  several  oncogenes  the  normal  cell  counterpart  can  be  activated  in 
the  laboratory  to  transform  cells  by  juxtaposing  to  them  a  noncoding 
region  of  the  viral  DNA.   Called  the  long  terminal  repeat  (LTR) ,  this 
region  contains  switches  or  promoters  that  signal  the  initiation  of 
RNA  synthesis — the  first  step  in  making  proteins. 

The  Rous  sarcoma  virus  oncogene  and  a  few  others  code  for  an  enzyme 
that  is  associated  with  the  cell  membrane  and  has  kinase  activity. 
Kinases  are  involved  in  the  cell's  energy  shuttle  and  can  phosphory- 
late  themselves  and  other  proteins  by  transferring  phosphoric  acid 
residues  from  nucleotide  phosphates  (usually  guanosine  triphosphate). 
Of  particular  interest  is  the  phosphorylation  of  cell  membrane  recep- 
tor proteins  that  interact  with  factors  involved  in  growth  regulation. 

The  virus-encoded  kinases  recognize  and  attach  phosphate  to  tyrosine 
amino  acid  residues  on  proteins.   Most  other  kinases  phosphorylate  the 
amino  acids  serine  and  threonine. 


In  1982,  this  research  advanced  further  as  scientists  from  three 
different  laboratories — Massachusetts  Institute  of  Technology,  Cold  Spring 
Harbor,  and  the  NCI — independently  isolated  cancer  genes  from  several  lines  of 
cultured  cells  originally  derived  from  human  tumors,  including  human  bladder, 
lung,  colon,  and  breast  cancers;  neuroblastoma;  and  several  forms  of  leukemia. 
The  genes,  isolated  by  gene  transfer  experiments,  induced  cancerous  changes  in 
a  line  of  cultured  mouse  cells,  called  NIH  3T3  cells. 

The  human  cells  from  which  the  cancer  genes  were  isolated  were  not  trans- 
formed by  viruses.   The  cancers  probably  arose  spontaneously.   Yet  some  of  the 
genes,  including  the  one  from  bladder  cancer  cells,  hybridized  with  the  virus- 
associated  "ras"  oncogene,  which  originally  came  from  rat  cells.   Further 
studies  using  restriction  enzymes  that  cut  DNA  at  very  specific  sites  con- 
firmed that  the  virus  oncogene  and  the  human  bladder  cancer  gene  were  similar. 

Using  the  human  bladder  cancer  gene  as  a  probe,  the  investigators  showed 
that  such  genes  were  present  in  cells  of  normal  human  tissues.   Again,  they 
failed  to  detect  any  differences  in  the  way  eight  restriction  enzymes  cut  the 
transforming  gene  and  its  normal  counterpart. 

How  could  the  normal  gene  become  corrupted  to  cause  cell  transformation? 
Scientists  are  investigating  two  possibilities.   One  possibility  is  that 
transformation  is  a  result  of  gene  product  dosage,  that  is,  too  much  of  a 
protein  being  synthesized  at  the  wrong  time  or  in  the  wrong  cell.   Another 
possibility  is  that  there  are  subtle  qualitative  differences  between  the  code 
of  the  normal  gene  and  that  of  the  cancer  gene.   Such  subtle  differences  could 
have  been  the  result  of  chemical  mutagenesis,  for  example. 

Support  for  this  possibility  came  from  further  experiments.   Scientists 
from  the  NCI  and  the  Massachusetts  Institute  of  Technology  determined  the 
genetic  code  of  the  human  bladder  cancer  gene.   They  found  that  the  critical 
difference  between  the  cancer  gene  that  could  transform  cultures  of  mouse 
cells  and  the  normal  genes  that  could  not  was  due  to  a  single  nucleotide  base 
change  in  the  DNA:   In  the  bladder  cancer  gene,  a  guanine  was  replaced  by  a 
thymidine.   The  result  of  this  point  mutation  was  a  substitution  in  the 
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twelfth  amino  acid  from  the  amino  terminal  end  of  the  protein.   Glycine  is 
present  here  in  the  normal  gene,  valine  in  the  cancer  gene.   The  scientists 
also  determined  the  genetic  code  of  the  "ras"  oncogene  and  found  that  it  too 
had  a  base  substitution  at  the  same  location.   This  resulted  in  the  twelfth 
amino  acid  being  arginine. 

The  exact  consequence  of  this  amino  acid  change  is  still  to  be 
determined.   It  is  possible  that  it  affects  the  way  the  protein  folds  upon 
itself  and  in  turn  how  it  functions.   The  "ras"  protein  product  is  a  phospho- 
protein  with  a  molecular  weight  of  21,000  daltons.   Its  function  within  the 
cell  is  not  fully  understood  at  this  time. 

Uncontrolled  growth  might  also  result  from  a  change  in  the  dosage  of 
normal  cell  products.   One  way  this  might  occur  is  by  the  turning  on  of  genes 
by  promoter  sequences  such  as  the  long  terminal  repeats,  or  LTRs ,  associated 
with  the  RNA  tumor  viruses.   Another  way  is  through  gene  amplification.   This 
field  of  research  began  emerging  in  the  mid-1970s,  when  investigators  noted 
that  cancer  cells  overcome  their  sensitivity  to  the  drug  methotrexate  by 
increasing  the  number  of  genes  that  code  for  the  enzyme  (dihydrofolate 
reductase)  blocked  by  that  drug.   As  a  result,  physicians  have  to  give  much 
more  of  the  drug  to  kill  cancer  cells.   Their  ability  to  prescribe  increased 
dosages  is  limited  by  the  drug's  toxicity  to  normal  bone  marrow. 

Observations  since  then  indicate  that  cancer  cells  may  be  able  to  amplify 
copies  of  various  genes  more  effectively  than  normal  cells.   Under  the  micro- 
scope, cancer  cells  are  often  found  to  contain  small  pieces  of  DNA  in  their 
nuclei  that  appear  to  be  detached  from  the  chromosomes.   These  pieces,  called 
double  minutes,  consist  of  many  copies  of  the  same  gene.   Cancer  cells  have 
also  been  found  to  contain  expanded  segments  of  DNA — called  elongated  marker 
chromosomes,  or  HSRs — on  their  chromosomes  that  represent  multiple  copies  of 
the  same  gene.   Research  on  the  mechanisms  of  gene  amplification  is  of  inter- 
est to  cancer  cell  biologists  as  well  as  to  scientists  studying  normal  differ- 
entiation processes.   If  cancer  cells  can  amplify  normal  growth  and  differen- 
tiation genes,  this  fact  may  account  for  how  they  achieve  a  growth  advantage. 

Cell  Differentiation 

How  normal  cells  differentiate  from  embryonic  forms  that  divide  often  to 
mature  cells  that  are  more  stable  and  carry  out  a  discrete  function  within 
body  tissues  is  an  area  of  research  supported  by  the  National  Cancer  Insti- 
tute.  This  research  is  important  to  the  cancer  problem  because  as  cells 
become  malignant,  they  often  resemble  immature  cells.   Cancer  cells  are 
unstable  and  divide  uncontrollably;  as  a  result,  normal  body  tissues  become 
overpopulated  with  nonfunctioning  cells. 

Using  various  chemicals,  such  as  the  polar  solvent  DMSO,  scientists  dis- 
covered that  they  could  reprogram  mouse  erythroleukemia  cells  to  become  mature 
red  blood  cells  that  actually  synthesize  hemoglobin.   With  these  experimental 
systems  in  place  and  the  increased  emphasis  on  the  study  of  biological 
response  modifiers,  some  new  information  has  been  gleaned  this  year. 

Investigators  at  Hahnemann  Hospital  in  Philadelphia  have  observed  that 
beta  interferon  can  cause  certain  types  of  myelocytic  leukemia  cells  to 
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differentiate.   This  is  a  preliminary  observation,  and  more  research  is 
needed,  but  such  an  action  for  interferon  would  be  unique.   Previous  studies 
of  its  biological  activity  have  focused  on  how  interferon  signals  various 
effector  cells  in  the  immune  system  into  action  against  cancer  cells.   Beta 
interferon  is  isolated  from  fibroblasts,  and  the  protein  contains  more  sugar 
molecules  than  the  alpha  interferon  made  from  human  white  blood  cells.   Both 
interferons  are  currently  being  evaluated  in  clinical  studies. 

Other  molecules  have  also  been  found  to  influence  the  differentiation 
process.   The  classic  tumor  promoters,  phorbol  esters,  which  have  multiple 
effects  on  cells,  were  shown  to  cause  differentiation  of  a  human  leukemia  cell 
line  to  nondividing  macrophage-like  cells.   This  research  may  someday  provide 
physicians  with  a  new  approach  to  the  treatment  of  cancer. 

Cancer  Spread,  or  Metastasis 

While  genetic  studies  have  yielded  information  on  how  cells  might  be 
triggered  to  become  cancerous,  biochemical  studies  are  providing  information 
on  how  cancer  cells  spread  or  metastasize  from  one  tissue  to  another.   These 
studies  focus  on  identifying  molecules  in  the  extracellular  matrix — the 
insoluble  protein  coat  that  surrounds  most  cells.   Up  until  about  5  years  ago, 
this  protein  coat  was  thought  to  be  composed  solely  of  the  protein  collagen. 
Since  then,  various  types  of  collagen  as  well  as  other  proteins — laminin, 
fibronectin,  and  spreading  factor — have  been  identified.   Each  plays  a  role  in 
anchoring  the  cell  both  to  other  cells  and  to  the  various  forms  of  collagen  in 
the  matrix.   One  of  the  first  steps  in  the  metastatic  process  is  the  enzymatic 
breakdown  of  the  extracellular  matrix,  which  frees  cells  to  move  into  the 
blood  stream  and  lymphatic  system.   Here  they  travel  to  distant  organs,  where 
they  reattach  and  set  up  new  sites  of  cancer.   This  year,  a  better  under- 
standing of  some  steps  in  this  process  was  achieved,  as  NCI-supported 
scientists  at  the  La  Jolla  Cancer  Research  Foundation  defined  the  region  of 
the  fibronectin  molecule  that  contains  the  cell  attachment  site.   Now  studies 
can  proceed  to  examine  that  site  further  to  determine  how  it  is  altered  during 
the  metastatic  process. 

Other  scientists  reported  that  fibronectin  was  not  destroyed  by  certain 
cancers  that  arose  from  connective  tissues.   These  cancers,  called  sarcomas, 
rarely  metastasize  in  experimental  animals.   In  contrast,  fibronectin  was 
readily  destroyed  by  those  cancers  arising  from  epithelial  cells;  these 
cancers  are  usually  metastatic.   This  finding  is  of  relevance  to  human  cancer 
because  nearly  85  percent  of  all  cancers  are  of  epithelial  tissue  origin. 

Progress  was  also  made  this  year  in  understanding  the  role  of  another 
extracellular  protein — laminin.   A  group  of  NCI  scientists  reported  that 
metastatic  cells  preferentially  use  laminin  to  attach  to  collagen  in  basement 
membranes  during  the  metastatic  process.   Laminin  may  help  circulating  tumor 
cells  bind  to  the  basement  membrane  of  endothelial  cells  in  the  capillary  bed 
of  an  organ.   The  cancer  cells  then  migrate  into  the  neighboring  tissue,  where 
they  proliferate  to  form  a  secondary  cancer. 

Another  group  of  NCI  scientists  working  at  the  Frederick  Cancer  Research 
Facility  reported  that  while  laminin  serves  as  an  attachment  factor  for  some 
metastatic  cells,  this  is  not  the  case  for  all  cancer  cells.   They  found  that. 
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in  fact,  laminin  inhibited  the  attachment  of  a  line  of  mouse  reticulum 
sarcoma  cells  to  collagen  IV  in  the  matrix.   The  investigations  suggested 
that  the  inhibitory  effect  may  be  related  to  the  macrophage  origin  of  that 
particular  tumor  line.   Laminin  also  inhibited  the  attachment  of  normal 
mouse  macrophage  cells  to  the  collagen  substrate. 

Tumor  Heterogeneity 

A  single  tumor  is  composed  of  a  mixture  of  different  cells;  each 
varies  in  its  ability  to  metastasize,  in  its  susceptibility  to  drug 
therapy,  in  its  chemical  markers,  and  in  a  host  of  other  properties  as 
well.   Such  cancer  cell  heterogeneity  was  the  subject  of  a  symposium  held 
last  year  at  the  Johns  Hopkins  Oncology  Center.   Of  particular  interest  is 
the  difference  in  metastatic  potential  of  cancer  cells,  for  this  factor 
has  important  implications  for  the  effectiveness  of  drug  therapy.   At  the 
sjnnposium,  scientists  from  NCI's  Frederick  Cancer  Research  Facility  reported 
on  previous  work  showing  that  metastases  do  not  arise  from  the  random 
survival  of  cells  released  from  the  primary  tumor.   Rather,  metastases  are 
the  result  of  the  selective  growth  of  specific  subpopulations  of  cells  that 
exist  in  the  primary  tumor.   These  scientists  have  been  using  a  line  of 
mouse  melanoma  cells — called  B16  cells — that  they  developed  about  20  years 
ago.   When  injected  intravenously  into  normal  mice,  these  cells  metastasize 
to  various  organs . 

The  finding  that  cancer  cells  have  an  inherent  ability  to  home  to  cer- 
tain organs  to  form  metastases  has  been  investigated  further.   Scientists  at 
the  M.  D.  Anderson  Hospital  and  Tumor  Institute  showed  that  B16  melanoma  cells 
grown  in  a  certain  organ  did  not  adapt  in  a  way  that  enhanced  their  ability  to 
metastasize  more  frequently  to  that  organ.   The  investigator  achieved  this 
result  by  binding  the  melanoma  cells  to  Bio-Carrier  beads  and  injecting  them 
into  normal  mice.   Because  of  their  size,  the  cell-laden  beads  lodge  in  the 
animal's  lungs.   The  investigators  then  isolated  one  of  the  lung  tumors  that 
subsequently  formed,  cultured  it  to  remove  normal  cells,  and  reattached  the 
cancer  cells  to  other  beads  and  injected  these  into  other  animals.   After  nine 
such  passages,  the  melanoma  cells  were  again  resuspended  and  this  time 
injected  intravenously  without  the  beads.   The  cells  formed  a  low  number  of 
tumors  throughout  the  animals  in  a  pattern  similar  to  that  seen  with  B16 
melanoma  cells  that  had  not  been  "adapted"  to  grow  in  lung  tissue.   This 
finding  supports  the  theory  that  cancer  cells  have  an  inherent  potential  to 
home  to  certain  sites  and  to  establish  mestatic  tumors  there.   This  property 
is  not  a  matter  of  adaptation  to  growth  in  that  organ. 

In  other  experiments  conducted  this  year,  NCI  scientists  induced 
chromosomal  abnormalities  in  B16  cells  by  exposing  them  to  x-rays.   They 
then  injected  the  cells  into  the  foot  pads  of  normal  mice  and  allowed  lung 
metastases  to  form.   By  comparing  the  chromosome  patterns  of  the  cells  in 
the  different  lung  tumors,  they  found  that  a  single  metastasis  arises  from 
one  cell — that  is,  they  were  clonal  in  nature.   However,  a  variety  of  dif- 
ferent cells  were  capable  of  forming  metastases  in  the  lung.   This  finding 
has  implications  for  the  design  of  cancer  chemotherapy  regimens.   If  all 
metastases  arose  from  the  same  cell,  then  a  single  drug  might  be  effective. 
But  if,  as  the  NCI  researchers  found,  different  metastases  arise  from 
different  cells,  multiple  drugs  will  likely  be  required. 
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Once  established  in  the  tissue,  metastatic  tumors  stimulate  the  formation 
of  their  own  blood  vessel  supply — a  process  called  angiogenesis .   In  the  past, 
a  great  deal  of  research  focused  on  the  purification  of  the  hormone-like  sub- 
stance that  promotes  angiogenesis  in  the  hope  that  it  would  provide  some  way  of 
interfering  with  the  process.   These  efforts  have  been  stymied  by  the  inability 
to  isolate  adequate  quantities  of  the  substance.   This  year  a  major  advance  was 
made  by  investigators  at  Harvard  Medical  School,  who  have  been  at  the  forefront 
of  this  research.   They  showed  that  protamine,  a  commercially  available  protein 
derived  from  sperm,  inhibits  the  process  of  angiogenesis.   This  finding  has 
implications  not  only  for  cancer  research  but  for  the  study  of  other  diseases 
as  well,  such  as  diabetic  retinopathy  and  retrolental  fibroplasia  (diseases  in 
which  blood  vessels  proliferate  in  the  eye),  and  perhaps  for  arthritis. 

Protamine  will  probably  not  be  useful  for  cancer  treatment,  although  it 
has  demonstrated  antitumor  activity.   The  Harvard  investigators  showed  that  it 
is  not  directly  toxic  to  cancer  cells  growing  in  culture  or  to  rapidly  divid- 
ing cells  in  mouse  bone  marrow.   Rather,  the  antitumor  effect  is  probably 
attributable  to  the  protein's  ability  to  inhibit  angiogenesis.   Both  clinical 
and  preclinical  studies  conducted  in  England  in  the  early  1960s  showed  that 
cancers  regressed  during  treatment  with  protamine  but  resumed  growth  when  the 
treatment  was  stopped.   Moreover,  the  protein  had  a  cumulative  toxicity, 
causing  lethargy,  weakness,  and  sudden  death  when  injected  into  mice.   This 
characteristic  makes  protamine  an  unlikely  candidate  for  clinical  use. 
However,  protamine  can  provide  some  useful  information  about  the  process  of 
angiogenesis,  and  it  should  now  be  possible  to  design  other  inhibitors  that 
are  more  potent  and  less  toxic. 

The  discovery  of  protamine's  effect  came  somewhat  by  accident.   The 
Harvard  researchers  recently  found  that  heparin  participates  in  the  process  of 
capillary  formation  by  potentiating  the  activity  of  angiogenesis  promoters. 
Alone,  heparin  cannot  induce  angiogenesis.   They  began  using  protamine  in 
their  studies  because  it  is  known  to  bind  heparin.   They  subsequently  found 
that  the  protein  (protamine)  completely  blocked  angiogenesis.   The  fact  that 
protamine  is  commercially  available  will  greatly  facilitate  studies  of  the 
process  of  angiogenesis. 

Regulation  of  the  Immune  System 

The  immune  system  plays  a  role  in  the  body's  defense  against  cancer.   Many 
subsets  of  T  and  B  lymphocytes  are  involved.   Some  T  cells,  for  example,  have 
a  direct  killing  effect  on  cancer  cells;  others  have  only  regulatory  functions. 
The  latter  act  as  helper  or  suppressor  cells.   B  cells  manufacture  antibodies. 
Studies  of  basic  immunology  and  regulatory  networks  have  yielded  much  informa- 
tion on  the  immune  response  to  cancer.   These  studies  have  been  facilitated  by 
the  availability  of  monoclonal  antibodies  that  have  allowed  scientists  to  sort 
out  the  individual  roles  played  by  the  different  immune  effector  cells. 

An  important  but  fairly  complex  aspect  of  the  body's  immune  response 
involves  a  system  of  enzymes  and  proteins  present  in  the  serum,  collectively 
called  complement.   Antibodies  manufactured  by  B  lymphocytes  interact 
specifically  with  target  components,  but  they  only  prepare  these  cells  for 
recognition  by  other  components  of  the  immune  system — macrophages  or 
complement — that  do  the  actual  killing.   Certain  components  of  complement  bind 
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to  the  target  cell  and  cause  holes  to  be  formed  in  its  membrane,  and  the  cell 
contents  begin  to  leak  out.   The  process  becomes  even  more  complex  because 
scientists  now  know  that  some  cells  can  escape  the  destruction  of  complement 
by  repairing  surface  areas  that  become  damaged.   Scientists  in  the  NCI  intra- 
mural laboratories  are  seeking  to  understand  how  complement  kills  cells.   This 
area  of  research  may  lead  to  the  development  of  new  drugs  or  biologies  that 
might  interfere  with  the  cell-surface  repair  process,  thus  increasing  a  cancer 
cell's  susceptibility  to  immune  attack. 

In  recent  years,  scientists  have  learned  that  T  lymphocytes  produce 
growth  factors  that  are  in  turn  necessary  for  their  own  growth  and  develop- 
ment.  One  such  factor,  T  cell  growth  factor,  has  been  isolated  and  studied. 
It  is  now  being  used  to  culture  T  cells  and  has  made  it  possible  to  select  and 
grow  clones  of  these  cells  with  different  functions,  such  as  cytotoxic 
T  cells,  T  helper  cells,  or  T  suppressor  cells.   This  advance  has  enabled 
scientists  to  characterize  these  lymphocytes  and  to  study  their  functions. 
One  line  of  ongoing  research  with  these  cell  lines  concerns  the  use  of  T  cells 
to  control  the  growth  of  cancer  in  experimental  animals.   Another  encompasses 
studies  of  how  cancer  cells  trigger  the  suppression  side  of  the  immune  system 
and  how  this  effect  might  be  overcome. 

Recently  developed  hybridoma  technology  has  been  helpful  in  identifying 
human  tumor  cell-surface  markers.   During  the  past  year,  scientists  from  a 
number  of  laboratories  gathered  at  an  NCI-sponsored  international  workshop  to 
exchange  information  on  monoclonal  antibodies  they  had  independently  produced 
to  human  melanoma  cells.   The  investigators  reported  on  the  functional  reac- 
tivity and  specificity  of  these  reagents  to  normal  and  to  tumor  tissues.   They 
also  attempted  to  define  the  antigens  on  the  cancer  cell  surface  that  the 
monoclonal  antibodies  recognized.   Of  32  individual  monoclonal  antibodies 
studied,  24  identified  11  different  antigens  present  on  human  melanoma  cells. 
Although  not  entirely  specific  to  melanoma  cells,  these  antigens  were  present 
on  most  human  melanomas  and  were  rarely  present  on  cells  from  other  tumors. 
Some  antibodies  reacted  with  normal  tissues,  but  to  a  lesser  extent.   Such 
rigorous  comparison  of  monoclonal  antibody  preparations  will  become  important 
as  these  reagents  begin  to  play  a  larger  role  in  human  tumor  immunology  and  in 
cancer  detection  and  treatment. 


RESEARCH 


Current  Activities 


Tumor  Biology 

Tumor  biology  currently  focuses  on  the  following  specific  areas  of 
research: 


•  Tumor  progression  (for  example,  cellular  properties  responsible  for 
invasiveness  and  metastasis,  interaction  of  tumors  with  surrounding 
tissues,  and  stimulatory  and  inhibitory  signals  of  angiogenesis) 
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• 


Differentiation  (for  example,  research  with  stem  cell  cancers  such  as 
teratocarcinomas  and  leukemias ,  induction  of  neuroblastoma  differen- 
tiation, search  for  molecules  that  modulate  development  and  differen- 
tiation, and  molecular  mechanisms  of  maturation  factors) 

Genetics  of  neoplasia  (for  example,  chromosome  content  and  structure 
in  different  cancers,  tumor  cell/normal  cell  genetic  hybrid  studies, 
genetic  factors  responsible  for  inheritance  of  certain  cancers,  the 
mechanisms  of  gene  amplifications,  and  gene  rearrangement  and  sister 
chromatid  exchange) 

Normal  versus  neoplastic  cell  growth  (for  example,  molecular  charac- 
teristics of  different  stages  of  the  cell  growth  cycle,  comparisons 
of  fast-growing  versus  slow-growing  tumors,  molecular  mechanisms  of 
growth  factors,  molecular  mechanisms  controlling  DNA  replication, 
and  nutritional  and  growth  factor  requirements  of  tumors  and  tumor 
cells  versus  those  of  normal  cells) 

Extracellular  matrix  (that  is,  studies  of  the  composition,  structure, 
and  function  of  macromolecules  that  fill  the  spaces  between  cells 
and  how  they  contribute  to  cell  adhesion,  migration,  and  invasion) 

Membrane  research  (that  is,  characterization  of  structure,  composi- 
tion, and  function  of  molecules  at  the  surface  of  cells  responsible 
for  the  transport  of  nutrients,  interaction  with  hormones  and  growth 
factors,  cell-to-cell  interactions,  and  cell  adhesiveness) 

The  molecular  biology  and  biochemistry  of  biological  response 
modifiers  (for  example,  interferon,  growth  factors,  serum  factors, 
tumor  cell-derived  factors,  maturation  factors,  peptide  hormones, 
steroid  hormones,  and  prostaglandins) 

Regulation  of  cell  metabolism  (for  example,  energy  metabolism; 
metabolic  pathways  responsible  for  the  synthesis  of  DNA  and  RNA 
precursors;  and  effects  of  cAMP,  cGMP,  and  cCMP  on  metabolic 
processes,  tumor  cell  enzjones ,  and  isoenzymes) 

Regulation  of  RNA  and  protein  synthesis  (that  is,  understanding  the 
signals  that  "start"  and  "stop"  macromolecular  synthesis  and  that 
modulate  the  "rate"  of  synthesis,  and  regulation  of  gene  expression  at 
the  molecular  level) 

Nutrition  (that  is,  specific  nutritional  requirements  of  tumors 
compared  to  those  of  normal  tissues) 

Development  of  improved  culture  and  animal  model  systems  for  studying 
tumor  growth,  invasiveness,  and  metastasis. 


Immunology 

The  immunology  program  supports  three  major  areas  of  research:   (1)  basic 
immunology — how  the  immune  system  works  and  what  stimuli  generate  an  immune 
response;  (2)  tumor  immunology — the  interaction  between  the  tumor  cell  and  the 
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immune  system,  which  involves  the  effect  of  the  tumor  cell  on  the  immune 
system  as  well  as  the  response  of  the  tumor  cell  to  this  interaction;  and 
(3)  mechanisms  of  immunologic  intervention — how  the  immune  system  responds  to 
intentional  external  perturbation  for  the  benefit  of  the  tumor-bearing  host, 
for  example,  the  use  of  bone  marrow  transplantation,  monoclonal  antibodies, 
interferon,  and  thjmiic  hormones.   Immunology  is  a  major  research  initiative 
throughout  the  Institute.   For  example,  important  programs  are  conducted  in 
the  Intramural  Immunology  Research  Program  and  in  the  Biological  Response 
Modifier  Program.   Specific  current  areas  of  emphasis  include: 

•  Immunobiology  of  malignancies  of  the  immune  system  (lymphomas  and 
leukemias),  including  studies  of  immunologic  markers  for  the  classi- 
fication and  characterization  of  neoplastic  cells  and  their  normal 
counterparts 

•  Immunobiology  of  sarcomas,  carcinomas,  and  melanomas,  including 
studies  of  immunologic  markers  for  the  classification  and  character- 
ization of  tumor  cells  and  their  normal  counterparts 

•  Immune  surveillance  against  the  development  of  tumors  of  various 
origins  by  all  immune  mechanisms  (for  example,  T  cell  immunity, 
macrophage  reactivity,  natural  killer  cell  activity) 

•  Immunopathology  studies  of  the  host-tumor  interaction 

•  Immune  status  of  tumor-bearing  animals  and  humans,  including  studies 
of  immunostimulation,  immunosuppression,  and  the  effects  of  disease 
course  on  immune  function 

•  Bone  marrow  transplantation  (BMT)  in  humans  and  animals  as  a  treatment 
for  cancer  when  the  emphasis  is  on  understanding  how  BMT  affects  or  is 
affected  by  the  immune  system 

•  Immunotherapy  in  animal  models,  including  studies  of  specific  and 
nonspecific  stimulation  of  the  immune  system,  using  natural  and 
synthetic  agents,  when  the  emphasis  is  on  understanding  how  the 
therapy  affects  or  is  affected  by  the  immune  system 

•  The  synthesis  and  structure  of  myeloma  proteins  in  animals  and  humans 

•  The  synthesis,  structure,  and  function  of  antibodies  capable  of 
reacting  with  tumor  cells,  agents  that  induce  tumors,  and  agents  used 
in  the  treatment  of  tumors 

•  The  synthesis,  structure,  and  function  of  humoral  factors  other  than 
antibody  that  participate  in,  activate,  and/or  regulate  the  immune 
response  to  tumors  (these  factors  include  complement,  interferon, 
lymphokines,  Ijrmphoid  cell  growth  factors,  helper  factors,  and  sup- 
pressor factors  as  they  are  involved  in  immune  responses  to  tumors) 

•  The  immunobiology  of  T  cells  and  B  cells  that  participate  in  antitumor 
responses,  including  their  development,  heterogeneity,  interactions, 
and  functions 
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•  The  immunobiology  of  monocytes  and  macrophages  that  participate  in 
antitumor  responses,  including  their  development,  heterogeneity, 
interactions,  and  functions 

•  The  identification,  isolation,  and  characterization  of  cell-surface 
determinants  of  lymphocytes  and  macrophages  that  are  involved  in  the 
responses  of  these  cells  to  tumors 

•  The  identification,  isolation,  and  characterization  of  cell-surface 
determinants  on  tumor  cells  that  serve  as  target  antigens  for  the 
immune  response 

•  Immunotherapy,  including  preclinical  and  clinical  protocols,  in  which 
the  main  emphasis  is  upon  the  study  of  immune  parameters,  immune 
mechanisms,  and  other  immunologic  concerns  rather  than  upon  a  thera- 
peutic result.   Included  are  studies  of  specific  and  nonspecific 
stimulation  of  the  immune  system,  using  natural  and  synthetic  agents. 


Planned  Activities 

Tumor  Biology 

The  following  activities  will  be  emphasized  in  Tumor  Biology: 


•  Efforts  will  be  made  to  confirm  that  oncogenes' as  described  in  human 
tumor  cell  lines  are  also  present  in  human  primary  tumors. 

•  Oncogenes  from  different  kinds  of  human  tumors  will  be  cloned,  using 
DNA  recombinant  techniques,  and  will  be  classified  according  to  tissue 
type  and  DNA  sequence  homology  to  each  other  and  to  viral  transforming 
genes . 

•  The  most  suitable  cloned  oncogenes  from  human  tumors  will  be  used  to 
produce  probes  for  determining  their  location  on  tumor  chromosomes.   A 
fundamental  question  to  answer  is  whether  oncogenes  are  located  within 
amplified  gene  sequences  or  elsewhere. 

•  The  protein  products  of  oncogenes  will  be  purified  and  characterized 
according  to  their  activity  (we  know  that  some  are  kinases,  but  this 
is  not  true  for  all  oncogene  products);  and  initial  efforts  will  focus 
on  the  sites  of  action  of  oncogenes  in  the  cell. 

•  One  specific  viral  oncogene  product,  the  src  gene,  appears  to  phos- 
phorylate  a  protein  molecule  that  links  the  cell  surface  with  the 
internal  cytoskeletal  network.   Work  will  continue  on  providing  more 
detailed  information  about  this  oncogene  activity,  especially  on  its 
effect  on  cell  shape,  cell  movement,  and  cell  interactions  with 
different  kinds  of  purified  matrix  molecules  and  other  cells. 

•  Major  efforts  will  continue  in  describing  the  composition,  structure, 
and  function  of  molecules  that  make  up  the  cell  surface. 
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•  The  molecular  basis  of  intracellular  adhesion — especially  the 
relationship  of  this  process  to  specific  cell-surface  molecules 
and  extracellular  matrices — will  continue  to  be  pursued. 

•  Efforts  will  continue  in  defining  how  changes  in  the  cytoskeletal 
network  of  the  cell  contribute  to  tumor  behavior,  especially  in  the 
areas  of  cell  shape  changes,  cell  movement,  and  cell  migration — all  of 
which  are  required  for  the  invasive  process. 

•  The  mechanisms  by  which  growth  factors  and  hormones  interact  with  the 
cell  surface  and  alter  cell  behavior  will  be  studied,  especially  in 
the  areas  of  cell-surface  receptors,  molecular  internalization 
processes,  and  signals  that  alter  gene  expression. 

•  The  structure  and  composition  of  extracellular  matrices  will  be 
pursued  and  these  findings  correlated  to  specific  molecular 
determinants  that  affect  cell  adhesion  and  cell-to-cell 
interactions . 

•  Enzymes  produced  by  tumor  cells  that  can  break  down  tissue  barriers 
(that  is,  extracellular  matrices)  will  be  purified,  and  their 
importance  in  the  invasive  process  will  be  determined. 

•  The  molecular  mechanisms  responsible  for  gene  amplification  and  gene 
rearrangements  will  be  studied,  especially  with  regard  to  their  role 
in  contributing  to  tumor  drug  resistance,  tumor  cell  heterogeneity, 
and  tumor  progression  (that  is,  acquisition  of  invasive  properties). 

•  Major  efforts  will  continue  in  examining  the  molecular  mechanisms 
that  control  gene  expression,  especially  with  regard  to  such 
mechanisms  as  start  and  stop  signals  in  the  DNA  message  and 
splicing  mechanisms  that  remove  untranslatable  sequences  from 
precursor  messenger  RNA  molecules. 

•  Fundamental  research  on  the  molecular  basis  of  differentiation 
will  continue,  with  emphasis  on  reprogramming  cancer  cells  to 
differentiate . 

•  Better  model  systems  will  be  sought  for  the  study  of  growth,  invasion, 
and  metastasis.   Model  systems,  rather  than  technology,  are  becoming 

a  major  limitation  on  how  rapidly  we  will  acquire  information  about 
cancer  processes. 


Immunology 

The  following  activities  will  be  emphasized  in  Immunology: 


•  The  identification,  isolation,  and  characterization  of  human  tumor- 
associated  antigens  through  the  use  of  monoclonal  antibodies 

•  Studies  to  determine  the  role  of  tumor-associated  antigens  in  the 
immune  function/response  of  the  tumor-bearing  host 
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•  Studies  of  the  mechanism  of  macrophage/monocyte  activation  and  the 
role  of  activated  macrophage  in  tumor-cell  killing 

•  Studies  of  the  mechanism  of  killing  by  cytotoxic  T  cells  and  their 
role  in  antitumor  immunity 

•  Studies  of  the  regulation  of  the  development  of  cytotoxic 
T  lymphocytes 

•  Studies  of  the  regulatory  function  of  mediators  produced  by 
lymphocytes  and  monocytes/macrophages 

•  Studies  of  the  role  of  natural  killer  cells  in  antitumor  immunity 

•  Studies  of  the  effects  of  biological  response  modifiers  on  the  immune 
system 

•  Use  of  hybridoma  technology  for  the  production  of  monoclonal  anti- 
bodies to  important  markers  on  cells  of  the  immune  system 

•  Use  of  hybridoma  technology  for  the  production  of  continuous  cell 
lines  for  the  study  of  cancer  and  the  immune  system 

•  Studies  of  genetic,  nutritional,  and  environmental  aspects  of  the 
tumor-host  immune  relationship 

•  Studies  of  the  mechanism  of  various  types  of  graft-versus-host  disease 
to  improve  effectiveness  of  bone  marrow  transplantation 

•  Studies  of  the  immunologic  mechanism  of  the  therapeutic  effect  of 
ex  vivo  immunoad sorption. 
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*Millions  of  Dollars 

Projected  Funding  —  NCI  Cancer  Biology  Research  Activities 
RESOURCES  AND  SUPPORT 


Current  and  Planned  Activities 

Resources    and    support    activities    in   cancer   biology  are   designed    primarily 
to    support    extramural    scientists   by   providing    important   biological    resources, 
sponsoring    timely   scientific   meetings,    and    providing    information   and    training 
opportunities   not    included    in   grant    allocations.      The    tumor  biology   program 
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supports  the  maintenance  of  11  Morris  hepatoma  lines  that  cover  the  spectrum 
from  slow-growing  and  highly  differentiated  to  fast-growing  and  highly 
deviated  tumor  types.   These  hepatomas  are  provided  upon  request  to  scientists 
for  basic  research  purposes. 

To  promote  the  shared  use  of  hybridomas  and  monoclonal  antibodies,  the 
immunology  program  supports  a  cell  bank  and  distribution  center  that  supplies 
a  wide  variety  of  cell  lines  to  interested  investigators.   This  cell  bank  will 
be  expanded  to  include  human  and  murine  cell  lines  in  the  following  catego- 
ries:  cell  lines  useful  in  the  study  of  immunoglobulin  structure,  synthesis, 
and  secretion,  and/or  useful  in  somatic  cell  hybridization,  including  myelomas 
and  variants;  hybridomas  useful  in  tumor  inmiunology,  with  special  reference  to 
those  producing  monoclonal  antibody  for  the  identification  of  leukocyte  sub- 
populations  and  the  identification  of  tumor-associated  antigens;  and  cell  lines 
useful  in  the  study  of  effector  mechanisms  such  as  lines  of  target  cells. 

A  resource  is  supported  that  maintains  plasmacytoma  and  other  lymphocytic 
mouse  tumors,  both  in  the  frozen  state  and  as  transplantable  tumors  in  spe- 
cially developed  genetic  strains  of  mice.   New  strains  of  mice  are  developed 
for  identifying  genes  that  affect  the  genetic  susceptibility  of  these  mice  to 
tumor  induction.   These  special  tumors  and  new  mouse  genotypes  are  provided  to 
investigators  throughout  the  United  States  and  represent  essential  biological 
material  for  investigators  studying  the  biology  of  neoplastic  plasma  cells, 
tumor  immunology,  the  genetics  of  immunoglobulin^,  and  immunoglobulin  synthesis. 

A  colony  of  approximately  40  special  inbred  and  congenic  resistant 
strains  of  mice  is  maintained  as  a  resource  for  NCI  scientists.   The  breeding 
and  maintenance  of  these  mice  are  essential  for  research  currently  being  con- 
ducted on  individual  histocompatibility  antigens  and,  in  particular,  on  the 
role  of  the  major  histocompatibility  complex  in  tissue  transplantation  studies 
and  the  immune  response  to  cancer. 

A  comprehensive  resource  of  animal  and  human  mammary  tumors  and  cultured 
cell  lines  is  supported  that  supplies  scientists  in  the  United  States  and 
foreign  countries.   These  tumors  and  tumor  cell  lines  are  well  characterized 
biologically  and  represent  an  essential  resource  for  scientists  involved  in 
breast  cancer  research. 

The  National  Large  Bowel  Cancer  Project  supports  a  serum  bank  to  be  used 
as  a  resource  for  standardization  of  immunological  assays. 

A  workshop  was  held  on  teratocarcinoma,  which  is  a  stem  cell  cancer  that 
has  the  potential  to  terminally  differentiate.   This  workshop  proved  to  be  very 
useful  in  establishing  the  state  of  the  art  in  the  field,  defining  current  ex- 
perimental limitations,  and  constructing  ideas  for  new  experimental  directions. 

Planning  has  begun  for  a  workshop  on  gene  amplification  and  gene  re- 
arrangements.  The  objective  of  this  workshop  will  be  to  develop  a  better 
construct  and  ideas  for  future  experiments  that  will  help  to  determine  how 
important  these  processes  are  to  tumor  progression. 

Traineeships  and  fellowships  were  awarded  in  Cancer  Biology  as  shown 
below.   These  were  awarded  chiefly  in  genetics,  cell  biology,  tumor  biology, 
biochemistry,  pathology,  virology,  and  immunology. 
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Institutional  Fellowship 
Trainees  (Training  Grants) 

Individual  Postdoctoral 
Fellowships 

Research  Career  Development 
Awardees 

Total 


Predoctoral 

Po. 

stdoctoral 

Dollars 

54 

69 

$1,568,000 

40 

750,000 

_ 

33 

1,287,000 

54 

142 

$3,605,000 

Information  services  useful  to  researchers  in  cancer  biology  are  provided 
by  the  International  Cancer  Research  Data  Bank  Program  of  the  National  Cancer 
Institute.   The  Cancer  Information  Dissemination  and  Analysis  Center  for 
information  in  cancer  virology,  immunology,  and  biology  serves  as  a  key 
resource  in  this  area.   Other  information  services  include  collection  and 
dissemination  of  abstracts  of  papers  dealing  with  all  aspects  of  cancer 
biology,  through  CANCERLIT  and  CANCERGRAMS.   Descriptions  of  current  cancer 
research  projects  in  cancer  biology  are  disseminated  through  the  CANCERPROJ 
data  base. 

Activities  during  1982  under  the  NCI-Japan  Bilateral  Agreement  included  a 
conference  on  "Cell  Interaction  and  Cancer";  a  workshop  on  "The  Antigenic 
Nature  of  Tumor  Cells";  and  a  workshop  on  "The  Application  of  Cytology 
Automation  in  Cancer  Cytology  and  Cell  Biology."   The  discussions  were 
constructive  and  mutually  beneficial  relative  to  exchanging  the  most  recent 
advances  in  specific  areas  of  cancer  biology,  immunology,  and  cytology.   Thus 
new  collaborative  research  activities  are  forthcoming  between  scientists  from 
the  two  countries. 

Working  with  colleagues  at  the  Roswell  Park  Memorial  Institute,  exchange 
scientists  under  the  U.S. -Hungary  Bilateral  Agreement  completed  a  study  on 
methods  of  tumor  cell  disaggregation — mechanical  and  enzymic — for  yielding 
single  cancer  cell  suspensions.   Additional  experiments  are  continuing  at 
Roswell  Park  and  in  Budapest. 

Resources  and  support  for  cancer  biology  activities  will  continue  to  be 
provided  through  NCI  Cancer  Center  Support  (Core)  Grants  and  through 
construction  awards. 
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Projected  Funding  —  NCI  Cancer  Biology  Resources  and  Support  Activities 
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CHAPTER  V 
CAUSE  AND  PREVENTION 


MAJOR  ACCOMPLISHMENTS  FOR  FY  1982 

Research  supported  by  the  National  Cancer  Institute  (NCI)  in  this  area 
includes  discovery  of  causes  and  risk  factors  associated  with  cancer,  and 
applied  efforts  to  prevent  cancer  once  such  causes  and  risk  factors  have  been 
defined. 

One  of  the  Institute's  major  programs,  chemoprevention,  is  based  on 
the  strategy  of  modifying  the  host  response  to  carcinogenic  agents.   The 
scientific  basis  for  a  such  a  strategy  came  out  of  laboratory  research  during 
the  1970s  showing  that  vitamin  A  and  its  structural  analogues,  the  retinoids, 
inhibited  cancers  of  the  bladder,  breast,  and  other  epithelial  tissues  in  rats 
and  mice  exposed  to  carcinogens.   Since  85  percent  of  human  cancers  arise  from 
epithelial  tissues,  use  of  these  agents  could  have  an  important  impact  on  the 
cancer  problem.   Subsequent  studies  showed  that  retinoids  interfered  with  the 
later  stages  of  carcinogenesis.   That  is,  even  after  the  animal  had  been 
exposed  to  a  chemical  that  begins  the  process  of  change  in  a  cell  from  normal 
to  cancerous,  retinoids  can  protect  against  the  subsequent  evolution  to  overt 
cancer,  which  probably  involves  exposure  to  promoting  agents.   Such  substances 
cannot  cause  cancer  by  themselves  but  can  affect  a  cell  once  early  changes 
have  taken  place.   The  ability  to  interfere  with  the  later  stages  of 
carcinogenesis  is  particularly  exciting.   It  means  that  the  chemoprevent ive 
substances  can  bring  about  changes  quickly,  within  6  months  to  10  years, 
rather  than  the  20  years  needed  for  approaches  that  seek  to  remove  or  affect 
carcinogens  that  have  long  latent  periods.   Because  cancer  is  primarily  a 
disease  of  older  people,  having  a  substance  that  acts  quickly  and  is  effective 
after  exposure  to  carcinogens  may  be  useful. 

The  NCI  now  has  in  place  a  cohesive  plan  for  a  chemoprevention  program 
that  includes  all  phases,  from  developing  new  agents  to  evaluating  them  in 
human  trials.   This  new  effort  is  aimed  at  reducing  cancer  incidence  in  the 
United  States. 


1.   Figures  are  based  on  a  decrease  in  endometrial  cancer  incidence  6  months 
following  a  sharp  drop  in  the  number  of  prescriptions  in  response  to  FDA 
warnings  on  long-term  use  of  postmenopausal  estrogen  supplements.   Many 
patients  taking  estrogens  had  probably  followed  professional  advice  and 
stopped  the  drug  several  months  before  the  drop  in  prescriptions  was  noted. 
Thus  the  decrease  in  endometrial  cancer  noted  6  months  after  the  change  in 
prescription  volume  probably  reflected  changes  occurring  during  a  year.   The 
ten-year  figure  is  based  on  smoking  and  cancer  data. 
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Last  year,  we  reported  the  initiation  of  two  clinical  trials  with 
retinoids  in  populations  at  high  risk  for  cancers  of  specific  types.   One 
trial  is  looking  at  possible  effects  of  a  topically  applied  retinoid  in 
preventing  cervical  cancer  among  women  with  dysplasia.   The  other  is  looking 
at  the  effectiveness  of  an  oral  mixture  of  beta-carotene  and  canthoxanthin  (a 
carotenoid  with  the  cosmetic  effect  of  bronzing  the  skin)  in  preventing  skin 
cancer  induced  by  sunlight  in  African  albinos.   These  studies  are  continuing. 

This  year,  the  Institute  began  an  additional  study  to  evaluate  the 
preventive  effect  on  total  cancer  incidence  of  beta-carotene,  a  precursor  of 
vitamin  A,  in  a  group  of  normal  individuals.   This  initiative  is  based  on 
results  of  a  number  of  epidemiological  studies  that  have  linked  a  high  dietary 
beta-carotene  intake,  through  carrots  and  other  vegetables,  to  lowered  cancer 
incidence.   Two  of  these  studies  showed  a  lower  incidence  of  lung  cancer  even 
among  people  at  high  risk  because  of  cigarette  smoking.   The  NCI  is  cooperat- 
ing with  the  National  Heart,  Lung,  and  Blood  Institute  in  a  5-year  evaluation 
of  the  preventive  effects  of  beta-carotene  pills  for  cancer  and  aspirin  for 
heart  disease.   Participating  will  be  a  group  of  20,000  U.S.  male  physicians 
40  years  of  age  or  older. 

Meanwhile,  laboratory  studies  continue  to  identify  other  agents  that 
might  act  to  prevent  cancer.   Scientists  at  Michigan  State  University  are 
looking  at  combinations  of  various  agents  in  experimental  animals.   In  one 
such  study,  they  found  that  the  hormone  inhibitors  bromoergocryptine  (a  pro- 
lactin suppressor)  and  tamoxifen  (an  estrogen  antagonist)  acted  synergisti- 
cally  with  the  retinoids  to  reduce  breast  cancer  in  rats  after  exposure  to  a 
carcinogen.   In  subsequent  studies,  these  investigators  showed  that  addition 
of  a  cell  membrane  preparation  from  rat  mammary  carcinoma — acting  as  an 
immuno stimulant — further  increased  the  efficacy  of  the  combination.   In  fact, 
the  three  substances  in  combination  completely  inhibited  chemically  induced 
breast  cancer  in  rats.   These  studies  suggest  that  more  than  one  agent  acting 
at  different  stages  of  the  carcinogenic  process  may  be  needed.   The  findings 
also  imply  that  combinations  might  be  less  toxic  because  of  the  lower  doses 
required  for  individual  components. 

Trace  amounts  of  selenium,  a  mineral  present  in  seafoods,  in  organ  meats, 
and  in  grains  grown  in  selenium-rich  soils,  are  required  for  normal  growth  and 
development.   But  at  high  levels  selenium  is  toxic.   Previous  animal  studies 
showed  that  addition  of  small  amounts  of  selenium  to  the  drinking  water  of 
mice  prevented  them  from  developing  a  variety  of  cancers  following  exposure  to 
a  carcinogen.   In  addition,  epidemiological  observations  have  crudely  corre- 
lated high  death  rates  from  colon,  rectal,  and  breast  cancers  in  the  north- 
eastern United  States  with  low  levels  of  selenium  in  the  soil. 

Studies  completed  this  year  by  scientists  at  Roswell  Park  Memorial 
Institute  showed  that  selenium  inhibited  hyperplasia,  an  early  change 
associated  with  breast  cancer  in  several  rat  strains.   Dietary  vitamin  E 
enhanced  the  effect  of  selenium.   Alone,  vitamin  E  had  no  inhibitory  effects. 

Another  important  approach  to  chemoprevention  is  the  identification  of 
natural  or  synthetic  dietary  components  that  are  capable  of  acting  as  anti- 
carcinogens.  A  variety  of  substances,  many  contained  in  foods  or  compounds 
isolated  from  dietary  materials,  can  enhance  the  activity  of  a  major  enzyme 
system  that  normally  is  responsible  for  inactivating  carcinogens;  these 
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substances  have  also  been  shown  to  inhibit  chemical  carcinogenesis  in 
experimental  systems.   Human  dietary  constituents  that  possess  these  effects 
include  Brussels  sprouts,  cabbage,  and  tea  leaves. 

This  year,  NCI-supported  investigators  at  the  University  of  Minnesota 
Medical  School  reported  that  green  (unroasted)  coffee  beans  in  the  diet  of 
mice  enhanced  the  activity  of  glutathione  S-transferase ,  an  enzjrme  involved  in 
a  system  that  detoxifies  carcinogens  and  other  chemicals.   The  investigators 
isolated  two  chemicals,  kahweol  palmitate  and  cafestol  palmitate,  from  the 
green  coffee  beans  that  contribute  approximately  one-half  of  the  enzyme- 
enhancing  effect.   Roasting  does  not  decrease  the  inducing  activity;  however, 
instant  coffee  and  decaffeinated  coffee  have  considerably  decreased  inducing 
capacity.   Most  importantly,  green  coffee  beans  fed  in  the  diet  for  two  weeks 
immediately  prior  to  carcinogen  administration  significantly  inhibit  dimethyl- 
benzanthracene- induced  mammary  cancer  in  the  rat.   Inhibition  of  mammary 
carcinogenesis  was  seen  in  both  the  fraction  of  animals  with  tumor  and  the 
number  of  tumors  per  animal . 

For  those  carcinogens  that  do  not  require  metabolic  activation,  another 
method  of  stopping  the  cancer  process  may  be  possible.   This  year,  NCI 
scientists  reported  that  an  immunologic  hormone  called  lymphotoxin  prevented 
the  cancerous  transformation  in  nearly  half  of  the  cells  of  fetuses  from 
hamsters  exposed  during  gestation  to  the  cancer-causing  chemical  diethyl- 
nitrosamine.   Lymphotoxin  is  a  member  of  a  class  of  biologically  active 
substances  produced  by  lymphocytes.   Collectively  these  substances  are  called 
lymphokines .   Other  studies  on  hamster  cells  growing  in  culture  showed  that 
lymphotoxin  can  stop  cancer  from  developing  in  initiated  cells  exposed  to  the 
promoter  TPA.   These  effects  were  persistent,  whether  the  chemical  was  added 
prior  to  or  after  the  promoter  or  even  before  the  initial  carcinogen  assault. 
The  investigators  believe  that  the  immune  system  may  be  responsible  for 
recognizing  very  early  changes  in  cells  that  subsequently  become  cancerous. 

Natural  vitamin  A  is  known  to  play  an  important  role  in  maintaining  and 
controlling  epithelial  differentiation.   An  understanding  of  the  mechanism  of 
action  of  this  vitamin  and  the  synthetic  retinoids  is  crucial  for  developing 
strategies  for  chemoprevention  in  humans.   In  recent  studies,  scientists 
identified  a  protein  present  in  the  cellular  cytoplasm  that  is  responsible  for 
transferring  retinol  to'  the  cell  nucleus.   Although  retinol  binds  to  the  nucle- 
us and  to  nuclear  chromatin,  the  binding  protein  itself  does  not  remain  bound 
to  chromatin.   These  and  other  studies  showing  that  retinol  binds  to  chromatin 
suggest  that  the  vitamin  may  play  a  role  in  gene  expression.   Scientists  already 
have  shown  that  retinoids  can  inhibit  the  growth  changes  induced  by  transforming 
growth  factors.   These  results  were  discussed  in  last  year's  report. 

An  important  recent  observation  is  that  a  number  of  retinoids  are  effec- 
tive in  inhibiting  pancreatic  cancer  in  rats  treated  with  the  carcinogen 
azaserine.   This  observation  suggests  that  the  compounds  may  have  a  wider 
range  of  usefulness  than  was  previously  thought. 

Cancer  Patient  Survival 

The  NCI  continues  to  collect  data  on  the  number  of  cancer  cases  in  the 
United  States  and  survival  on  cancer  patients  through  its  SEER  (Surveillance, 
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Epidemiology  and  End  Results)  network  of  10  population-based  cancer  regis- 
tries.  This  year,  the  first  5-year  survival  data  were  collected  from  this 
resource.   They  showed  the  overall  relative  survival  rate  to  be  45  percent  for 
all  patients  diagnosed  with  cancer  from  1973  to  1979.   An  earlier  study  con- 
ducted by  the  NCI,  before  SEER  was  established,  showed  that  patients  diagnosed 
between  1967  and  1973  had  a  relative  5-year  survival  rate  of  40  percent. 
Although  these  rates  cannot  be  compared  directly  because  they  are  based  on 
different  populations,  they  do  reflect  advances  in  patient  treatment. 

The  survival  data  showed  other  interesting  facts.   Examination  of  the 
data  for  white  patients  revealed  that,  with  the  exception  of  bladder  cancer, 
females  have  higher  survival  rates  than  males — 54  percent  for  white  women 
compared  to  39  percent  for  white  men.   This  finding  reflects  the  fact  that 
women  are  more  likely  to  survive  the  major  forms  of  cancer  that  affect  them. 
The  overall  survival  rate  for  breast  cancer  was  72  percent,  and  that  for 
cancer  of  the  endometrium  was  87  percent.   The  survival  rate  for  lung  cancer, 
which  is  the  major  form  of  cancer  among  men  and  occurs  four  times  more 
frequently  in  men  than  in  women,  is  still  only  10  percent. 

Survival  rates  for  Blacks  were  consistently  lower  than  those  for  whites; 
the  overall  rates  were  35  percent  versus  47  percent,  respectively.   Research 
efforts  are  now  being  expanded  to  identify  factors  associated  with  differences 
in  survival  between  whites  and  Blacks  as  well  as  to  characterize  the  survival 
patterns  for  other  ethnic  groups. 

NCI  statisticians  published  detailed  data  on  cancer  incidence  and 
mortality  from  the  SEER  program  for  the  years  1973  to  1977.   These  data, 
collected  from  10  diverse  geographic  areas,  allowed  the  scientists  to  compare 
cancer  rates  among  various  ethnic  groups  for  the  first  time.   The  continued 
surveillance  of  such  patterns  is  important  for  identifying  new  problems  and 
changing  risks  of  cancer  that  suggest  environmental  hazards. 

The  report  presented  detailed  data  on  the  occurrence  of  cancer  among 
American  Indians,  Hispanics,  Hawaiians,  Filipinos,  Chinese,  and  Japanese,  in 
addition  to  information  on  Blacks  and  whites.   It  showed  that  Hispanics 
develop  at  least  one  third  fewer  cancers  than  other  Americans  do.   It  did  not 
determine  why  this  is  so.   Such  statistical  studies  are  meant  to  generate 
ideas  for  case-control  epidemiologic  studies  that  seek  to  establish 
associations  and  possible  causes. 

2 
The  report  stated  that  the  average  American  s  cumulative  risk   of  having 

cancer  through  age  74  is  26.5  percent  or  about  one  in  four. 

NCI  statisticians  also  published  a  volume  of  U.S.  cancer  mortality 
statistics  for  1950  to  1977.   The  volume  displayed  these  data  on  two- 
dimensional  and  three-dimensional  computer-generated  graphs  that  give 
a  picture  of  trends  in  cancer  death  for  various  cancer  sites  over  the 
period . 


Cumulative  risk  is  the  risk  an  individual  would  have  of  developing  cancer 
through  age  74  if  no  other  causes  of  death  were  in  operation. 
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Epidemiologic  Studies  to  Identify  Cancer  Risk 

In  a  1975  landmark  study  for  identifying  geographic  variation  and 
clustering  across  the  entire  country,  NCI  epidemiologists  analyzed  cancer 
mortality  for  the  years  1950  to  1969  on  a  county  level  and  prepared  computer- 
generated  color  maps  for  35  cancer  sites.   This  year,  they  prepared  a  similar 
atlas  for  noncancerous  diseases.   The  atlas  emphasizes  conditions  that  pre- 
dispose to  cancer  or  share  causal  factors  and  is  being  used  by  epidemiologists 
interested  in  other  diseases  to  generate  ideas  for  further  investigation. 

The  clues  derived  from  the  original  cancer  maps  have  been  pursued  by  case- 
control  investigation  in  various  sections  of  the  country.   One  large  series  of 
studies  on  lung  cancer  in  coastal  areas  of  Georgia  and  Florida  and  on  lung 
cancer  and  mesothelioma  in  Tidewater,  Virginia,  found  significantly  increased 
risks  associated  with  employment  in  the  shipbuilding  industry  (and  presumed 
asbestos  exposure),  particularly  during  World  War  II.   A  summary  analysis  com- 
bining data  from  more  than  2,500  interviews  in  these  surveys  showed  a  40  per- 
cent increase  in  risk,  after  adjusting  for  smoking,  associated  with  employment 
in  the  industry  in  the  19AOs.   This  suggests  that  as  many  as  100,000  extra 
lung  cancer  deaths  may  eventually  result  among  the  cohort  of  some  4.5  million 
Americans  who  worked  in  ship  construction  and  repair  during  World  War  II. 

Also  completed  this  year  was  a  case-control  study  of  lung  cancer  in 
eastern  Pennsylvania.   A  significantly  increased  risk  was  found  among  men  who 
had  worked  in  the  steel  industry,  the  area's  major  employer.   The  excess 
occurred  primarily  among  long-term  employees,  particularly  those  who  began 
work  before  1935.   The  study  is  the  first  to  suggest  that  lung  cancer  may  be 
associated  with  a  number  of  steel  worker  trades,  not  just  those  involving  coke 
oven  operations. 

Last  year,  NCI  epidemiologists  showed  that  the  high  rates  of  oral  cancer 
among  white  women  living  in  the  south  were  primarily  attributable  to  the  use  of 
snuff.   The  researchers  warned  that  the  carcinogenic  hazard  of  oral  snuff  is  of 
special  concern  in  view  of  the  recent  upswing  in  consumption  of  smokeless 
tobacco  in  the  United  States.   This  year,  analyses  of  the  occupational  data 
collected  in  that  study  showed  no  evidence  of  an  increased  risk  associated 
with  employment  in  the  textile  industry,  a  primary  employer  of  women  and  an 
industry  previously  implicated  in  the  development  of  oral  and  pharyngeal  can- 
cer.  An  intriguing  finding  was  that  use  of  mouthwash  was  reported  more  often 
by  oral  cancer  patients,  but  only  among  abstainers  from  alcohol  and  tobacco,  a 
pattern  consistent  with  reports  from  two  other  surveys  of  this  cancer. 

To  help  explain  the  clustering  of  high  mortality  rates  for  kidney  cancer 
in  the  north  central  states,  a  case-control  study  involving  interviews  with 
nearly  600  kidney  cancer  patients  and  twice  as  many  controls  was  conducted. 
Cigarette  smoking  was  shown  to  be  the  major  risk  factor  for  cancer  of  the 
renal  pelvis.  More  than  five  times  as  many  cases  occurred  among  smokers  of 
both  sexes.  The  data  also  suggested  that  the  habit  of  smoking  accounts  for 
about  a  50  percent  increased  risk  of  renal  adenocarcinoma. 

A  large  case-control  study  of  breast  cancer  reported  during  the  year 
revealed  a  striking  difference  in  risk  factors  according  to  age.   Among  women 
over  age  45,  late  age  at  first  birth  and  low  parity  were  together  associated 
with  a  sevenfold  increased  risk,  while  these  risk  factors  did  not  increase 
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risk  among  women  below  this  age.   A  link  to  diet  was  also  observed,  with  risks 
of  breast  cancer  higher  among  women  who  ate  more  beef  and  pork. 

This  year,  NCI  epidemiologists  completed  a  study  of  345  women  who  developed 
breast  cancer  while  enrolled  in  one  prepaid  health  plan  in  California.   Examina- 
tion of  their  records  revealed  a  40  percent  excess  risk  associated  with  the  use 
of  conjugated  estrogens  at  menopause.   There  was  a  dose/response  relationship, 
with  a  twofold  excess  observed  among  long-term  users.   A  further  study  that 
combined  data  from  three  health  plans  in  California  revealed  a  two-  to  threefold 
excess  risk  for  breast  cancer  associated  with  long-term  use  of  estrogens  among 
women  having  undergone  bilateral  oophorectomy.   In  a  study  of  oral  contraceptive 
use  among  963  breast  cancer  patients  and  858  controls  participating  in  a  large 
mammography  screening  project,  no  overall  increase  in  risk  was  apparent. 

Radiation  studies  are  receiving  further  emphasis  as  pressure  mounts  to 
clarify  the  possible  health  effects  of  exposure  to  low  levels  of  radiation, 
such  as  those  received  from  diagnostic  equipment.   In  an  international  study 
of  the  medical  records  of  200,000  women  who  received  radiation  as  part  of 
their  treatment  for  cervical  cancer  in  the  1950s  and  1960s,  NCI  epidemi- 
ologists found  no  more  than  the  expected  number  of  cases  of  leukemia. 
Leukemia  incidence  was  a  concern  because  the  low  levels  of  radiation  received 
by  survivors  of  the  atomic  bomb  in  Japan  have  been  shown  to  cause  leukemia 
2  to  5  years  later.   The  NCI  epidemiologists  conjectured  that  high  doses  of 
radiation  used  in  the  therapeutic  setting  had  cell-killing  effects  rather  than 
mutating  or  carcinogenic  effects. 

A  retrospective  study  of  women  receiving  multiple  chest  fluoroscopies 
during  pneumothorax  treatment  of  tuberculosis  revealed  that  repeated  low 
radiation  doses  increased  the  risk  of  breast  cancer,  particularly  during  early 
adult  life.   No  excesses  of  other  cancers  were  seen  among  fluoroscopically 
examined  men  or  women.   In  a  study  of  women  treated  with  radioactive  iodine 
(I    )  for  hyperthyroidism,  NCI  epidemiologists  found  a  slight  excess  of 
cancer  of  the  thyroid.   But  the  small  number  of  cases  in  the  study  does  not 
allow  the  scientists  to  make  a  definitive  estimate  of  risk. 

Studies  of  various  populations  exposed  to  radiation  as  part  of  medical 
diagnosis  or  treatment — from  the  1930s  to  the  present — are  providing  clues 
about  radiation  and  cancer  risk.   This  year,  NCI  epidemiologists  summarized 
the  most  important  of  these  studies  and  arrived  at  some  basic  conclusions 
about  radiation- induced  cancer: 


A  single  radiation  exposure  may  increase  the  risk  of  cancer. 

Radiation- induced  cancers  cannot  be  distinguished  from  normally 
occurring  cancers,  so  that  risk  assessment  is  difficult. 

Body  organs  have  different  sensitivities  to  the  effects  of  radiation. 
Breast,  thyroid,  and  bone  marrow  tissues  appear  to  be  the  most  sensi- 
tive, while  tissues  of  the  kidney,  bladder,  and  ovary  seem  to  be  the 
least  sensitive. 

The  percentage  of  increase  in  cancer  incidence  per  rad  of  exposure  is 
not  the  same  for  all  types  of  cancers. 
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•  Leukemia  (except  chronic  lymphocytic  leukemia)  appears  to  be  the  most 
common  radiation- induced  cancer. 

•  Other  than  the  dose  of  radiation,  age  at  exposure  may  be  the  most 
important  determinant  of  future  cancer  risk,  and  this  age-related  risk 
probably  varies  for  different  types  of  cancers. 

An  outbreak  of  a  rare  cancer,  Kaposi's  sarcoma,  has  led  epidemiologists 
at  the  Centers  for  Disease  Control  (CDC)  and  the  NCI  to  track  possible  causes 
of  this  peculiar  epidemic.   Prior  to  this  outbreak,  Kaposi's  sarcoma  was 
usually  found  in  men  over  the  age  of  60.   New  cases  are  prevalent  particu- 
larly in  young  homosexual  males  in  New  York  City,  San  Francisco,  and  more 
recently  in  some  other  metropolitan  areas.   Subsequently,  cases  have  turned 
up  among  Haitian  immigrants,  IV  heroin  users,  and  hemophiliacs  in  the  United 
States. 

Studies  of  these  Kaposi's  sarcoma  patients  revealed  a  spectrum  of 
disorders  associated  with  immunodeficiency,  including  infection  with 
Pneumocystis  carinii  pneumonia  (a  protozoan)  and  cytomegalovirus  (a  member 
of  the  herpes  family).   Recently,  scientists  characterized  an  immunologic 
abnormality  among  patients  exhibiting  such  disorders.   This  abnormality  is 
characterized  by  a  marked  reduction  in  the  ratio  of  helper  to  suppressor 
T  cells.   T  cells  are  types  of  white  blood  cells  that  mediate  or  modulate 
immune  reactions;  a  balance  of  helper  and  suppressor  T  cells  is  necessary 
for  a  normal  immune  response.   So  far,  the  CDC  have  collected  more  than 
470  cases  of  this  complex  disease,  which  is  now  being  called  "acquired 
immunodeficiency  syndrome"  (AIDS).   In  their  extensive  investigation  of 
possible  causes  of  the  outbreak,  the  epidemiologists  are  investigating  among 
other  causes  illicit  use  of  the  recreational  drug  amyl  nitrite,  which  may 
contribute  to  suppression  of  the  immune  system.   Many  investigators  also 
suspect  an  infectious  agent  of  some  type,  probably  a  virus.  Although  much 
has  been  learned  about  Kaposi's  sarcoma  and  the  acquired  immunodeficiency 
syndrome,  scientists  are  still  searching  for  other  pieces  of  the  puzzle  that 
might  directly  pinpoint  the  cause. 


Summary  Reports  on  Risk  Factors 

Two  major  reports  were  issued  during  the  year  that  summarized  the 
scientific  evidence  linking  the  risk  factors  of  diet/nutrition  and  smoking 
with  cancer. 

The  first  report — "Diet,  Nutrition,  and  Cancer" — was  a  survey  of  the 
scientific  literature  conducted  by  an  ad  hoc  committee  of  the  National 
Research  Council,  which  is  part  of  the  National  Academy  of  Sciences.   The 
report  was  part  of  a  study  commissioned  by  the  NCI  2  years  ago. 

In  their  report,  the  Council  said  the  evidence  they  reviewed  suggested 
that  cancers  of  most  major  sites  are  influenced  by  dietary  patterns.   They 
said  also  that  additional  studies  are  needed  to  quantify  the  contribution  of 
diet  to  overall  cancer  risk  and  to  determine  what  impact  dietary  modifications 
might  have  on  cancer  incidence.   Based  on  their  assessment  of  the  scientific 
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literature,  the  Council  proposed  some  interim  dietary  guidelines.   They 
suggested  that  Americans: 


•  Reduce  the  proportion  of  calories  in  the  diet  provided  by  fats  from 
the  current  40  percent  to  30  percent. 

•  Include  in  the  daily  diet  whole-grain  cereals,  fruits,  and  vegetables, 
especially  those  high  in  vitamin  C  and  beta-carotene.   These  foods 
include  citrus  fruits,  dark  green  and  deep  yellow  vegetables,  and 
members  of  the  family  cruciferae  (such  as  cabbage,  broccoli, 
cauliflower,  and  brussels  sprouts). 

•  Minimize  the  consumption  of  salt-cured,  salt-pickled,  and  smoked 
foods.   These  foods  are  associated  with  an  increased  incidence  of 
cancers  at  certain  sites,  particularly  the  stomach  and  esophagus. 

•  Avoid  excessive  consumption  of  alcohol,  particularly  in  combination 
with  cigarette  smoking.   Such  consumption  has  been  associated  with  an 
increased  risk  of  cancer  of  the  upper  gastrointestinal  and  respiratory 
tracts  as  well  as  with  other  adverse  health  effects. 


The  committee  is  now  working  on  a  second  report  that  will  make  recommen- 
dations to  the  NCI  on  future  efforts  needed  in  the  field  of  diet,  nutrition, 
and  cancer  research. 

This  year,  the  Surgeon  General's  Report  on  Smoking  and  Health  focused  on 
cancer.   It  updated  the  findings  in  this  field  since  the  first  Surgeon 
General's  Report  in  1964,  which  concluded  that  cigarette  smoking  causes  lung 
cancer  in  men.   The  1982  report  made  the  following  points: 

•  A  large  number  of  epidemiological  studies — both  retrospective  and 
prospective — show  that  smoking  is  causally  related  to  at  least  30  per- 
cent of  all  cancer  deaths.   Approximately  129,000  people  a  year  die  of 
cancers  related  to  smoking. 

•  Smoking  causes  lung  cancer  in  women  as  well  as  men.   It  is  also  the 
major  causal  factor  for  cancers  of  the  larynx,  mouth,  and  esophagus. 
The  habit  contributes  to  development  of  cancers  of  the  bladder, 
pancreas,  and  kidney.   Although  cigarettes  are  the  smoking  materials 
used  most  by  Americans,  pipes  and  cigars  are  also  implicated  in 
cancers  of  the  lung,  larynx,  mouth,  and  esophagus. 

•  For  the  first  time,  two  preliminary  epidemiological  studies  suggest  an 
increased  risk  of  lung  cancer  in  nonsmoking  wives  of  smoking  husbands, 
implicating  sidestream  smoke  as  a  cancer  risk  factor.   A  third  study 
shows  a  trend  in  this  direction,  but  the  results  are  not  statistically 
significant . 

•  The  proportion  of  adults  in  the  United  States  who  smoke  has  dropped 
from  42  percent  in  1965  to  32  percent  in  1980.   The  report  states  that 
most  of  those  who  have  quit  smoking  did  so  through  their  own  efforts. 
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Chemical  Carcinogenesis 

Ways  in  which  chemicals  interact  with  a  cell  to  transform  it  from  normal 
to  cancerous  continue  to  challenge  scientists.   Researchers  are  now  convinced 
that  at  least  the  early  events  in  the  transformation  of  a  cell  involve  a 
structural  change  in  the  DNA.   This  change  could  be  either  an  attack  of  the 
chemical  on  a  single  base  in  DNA  or  more  generalized  damage,  such  as  breakage 
or  rearrangement  of  the  DNA  helix.   Scientists  have  also  learned  that  the 
carcinogen-bound  or  damaged  DNA  can  be  repaired  by  cellular  enzymes  and  that 
failure  in  the  repair  system  may  also  lead  to  cancer. 

Scientists  at  various  laboratories,  including  the  NCI,  Cold  Spring 
Harbor,  the  Massachusetts  Institute  of  Technology,  and  the  Harvard  Medical 
School  have  been  able  to  take  DNA  from  carcinogen-transformed  mouse  cells  and 
introduce  it  into  normal  mouse  cells.   In  some  cases,  the  DNA  transformed  the 
growth  patterns  of  the  normal  cells,  and  they  became  cancer  cells.   The 
scientists  went  on  to  show  that  they  actually  transferred  a  gene  responsible 
for  this  transforming  activity.   This  finding  provides  direct  evidence  that 
transforming  genes  mediate  chemical  carcinogenesis  in  some  way.   Further 
studies  by  these  and  other  scientists  showing  that  cancer  genes  from  human 
cancer  cells  can  also  be  transferred  to  normal  mouse  cells,  causing  them  to 
transform,  are  described  in  Chapter  IV,  Accomplishments. 

Nearly  85  percent  of  human  cancers  arise  from  epithelial  tissues.   One 
system  that  is  providing  scientists  with  a  firsthand  look  at  the  carcinogenic 
process  is  a  line  of ' normal  epithelial  cells  derived  from  explants  of  adult 
human  bronchi.   The  epithelial  cells  grow  for  20  to  30  cell  generations  in  a 
serum-free,  chemically  defined  medium  and  have  a  normal  human  chromosome 
arrangement.   The  cells  express  keratin  and  blood  group  antigens  that  serve  as 
markers  of  epithelial  cells,  and  are  capable  of  differentiating  into  mature 
ciliated  and  squamous  cells.   This  system,  of  course,  relates  to  the  study  of 
lung  cancer,  but  it  is  applicable  to  studies  of  other  cancers  of  epithelial 
origin  as  well. 


This  year,  scientists  were  able  to  transform  human  cells  with  several 
nogens,  including  aflatoxin,  N-methyl-N  -niti 
propane  sultone,  beta-propiolactone ,  and  UV  light, 


carcinogens,  including  aflatoxin,  N-methyl-N  -nitro-N-nitrosoguanidine , 


Comparative  studies  of  cancerous  and  normal  cells  revealed  some 
interesting  differences.   Serum,  platelet-derived  growth  factor,  and  high 
concentrations  of  calcium  ions  could  stimulate  squamous  differentiation  in 
normal  epithelial  cells,  not  in  lung  cancer  cells.   Other  substances,  such  as 
epidermal  growth  factor,  the  neurotransmitter  epinephrine,  retinoic  acid,  or 
cigarette  smoke  condensate,  increased  cell  growth  and  inhibited  squamous 
differentiation  of  normal  cells.   The  epithelial  cells  were  also  able  to 
activate  chemical  carcinogens  to  form  carcinogen-DNA  adducts,  which  the  normal 
cells  were  able  to  repair.   In  other  studies,  the  action  of  formaldehyde,  a 
potential  carcinogenic  hazard  in  humans,  was  examined  in  this  cell  system.   It 
was  found  to  crosslink  DNA  and  protein,  to  cause  single-strand  breaks  in  the 
DNA  helix,  and  to  inhibit  repair  of  DNA  damage  produced  by  chemicals. 

NCI  scientists  have  made  antibodies  to  the  carcinogen  benzo(a)pyrene  that 
binds  to  DNA  to  form  adducts.   These  antibodies  are  used  in  conjunction  with 
the  ultrasensitive  enzymatic  radioimmunoassay  (ERIA)  to  detect  the  formation 
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of  DNA-carcinogen  adducts  in  biological  tissues.   For  example,  benzo(a)pyrene 
DNA  adducts  have  been  found  in  samples  of  human  lung  and  white  blood  cells 
from  individuals  exposed  to  the  carcinogen  from  either  cigarette  smoking  or 
various  occupations  (coke  oven  or  shale  retort  workers).   This  assay  offers 
new  possibilities  for  monitoring  carcinogenesis  in  human  populations. 
Scientists  have  now  made  antibody  to  the  anticancer  drug  cis-platinum,  which 
also  binds  to  DNA.   Now  the  ERIA  can  also  be  used  to  monitor  tissue  levels  of 
the  drug  in  cancer  patients,  which  may  prevent  some  harmful  side  effects. 

Z-DNA 

Several  years  ago,  NCI-supported  scientists  at  the  Massachusetts  Insti- 
tute of  Technology  (M.I.T.)  discovered  a  new  form  of  DNA  during  studies  of  the 
molecular  structure  of  B-DNA,  the  classic  form  described  by  Watson  and  Crick 
and  believed  to  be  the  predominant  form  in  all  biological  systems.   The  new 
DNA  had  its  bases  oriented  in  a  completely  different  direction,  and  the  M.I.T. 
scientists  named  the  structure  Z-DNA  because  of  the  zigzag  arrangement  of  bases 
down  the  helix  backbone.   At  first,  the  investigators  thought  the  new  DNA  might 
be  an  artifact.   It  was  induced  by  salt  concentrations  too  high  for  the  struc- 
ture to  play  a  physiological  role  in  any  organism  other  than  certain  bacteria. 

Subsequently,  however,  investigators  at  M.I.T.  and  at  Tufts  University  in 
Boston  were  able  to  get  rabbits  to  make  antibodies  to  Z-DNA,  and  using  this 
preparation,  they  searched  for  the  novel  structure  in  various  organisms.   This 
year,  to  their  surprise,  the  scientists  found  that  the  antibody  preparation 
bound  strongly  to  certain  regions  of  polytene  chromosomes  in  the  fruit  fly 
Drosophila.   These  chromosomes  are  favorite  tools  of  geneticists.   They  are 
found  in  certain  salivary  gland  cells  of  Drosophila  larvae  that  for  some 
reason  continue  to  replicate  their  DNA  but  do  not  divide.   The  replicated 
chromosomes  layer  themselves,  one  on  top  of  the  other.   As  a  result,  each 
chromosome  becomes  amplified  1,000  to  2,000  times  and  is  then  thick  enough  to 
be  seen  with  an  ordinary  light  microscope. 

In  other  work  with  cloned  segments  of  poly  C-G  residues,  the  scientists 
demonstrated  that  the  segments  could  undergo  a  B  to  Z  transformation.   Because 
of  this  reversible  equilibrium  and  the  fact  that  Z-DNA  is  present  in  Droso- 
phila chromosomes,  the  scientists  believe  that  it  may  play  a  role  in  gene 
regulation.   Another  finding  suggesting  such  a  role  is  that  at  physiological 
salt  conditions,  the  Z-DNA  form  can  be  stabilized  by  methylation.   Methylation 
of  C-G  sequences  of  DNA  inactivates  them  in  terms  of  mRNA  transcription. 

Many  regions  of  the  polytene  chromosomes  undergo  changes  in  structure, 
called  puffs,  which  are  associated  with  transcription  of  certain  genes.   The 
scientists  are  now  studying  the  patterns  of  Z-DNA  staining  during  such  struc- 
tural changes,  and  the  results  of  these  experiments  should  give  additional 
information  on  the  function  of  Z-DNA.   Meanwhile,  there  is  some  suggestion 
that  Z-DNA  may  be  more  susceptible  to  attack  by  chemical  carcinogens.   In  the 
altered  state,  the  N-7  position  of  the  base  guanine  is  exposed.   This  is  a 
favored  site  of  attack  by  a  number  of  chemical  carcinogens.   Many  questions 
remain  unanswered  in  this  new  field  of  research. 

The  list  of  substances  that  can  promote  tumor  growth  continues  to  grow  as 
scientists  learn  more  about  the  process.   TPA,  a  phorbol  ester,  is  the  classic 
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promoter  used  in  most  experimental  studies.   Promoters  alone  cannot  cause 
cancer  but  can  finalize  the  process  in  a  cell  that  has  been  initiated  by  low 
doses  of  a  carcinogen.   This  year,  scientists  at  the  NCI  and  in  Tokyo  reported 
that  dihydroteleocidin  B,  a  chemical  made  by  a  soil  fungus,  is  100  times  more 
potent  than  TPA  in  promoting  a  tumor  in  cultured  cells. 

How  promoters  work  is  still  unknown.   They  induce  changes  that  are 
reversed  when  the  promoter  is  removed.   Scientists  have  now  found  that  normal 
cells,  including  the  human  bronchial  epithelial  cells  mentioned  earlier,  have 
protein  receptors  for  tumor-promoting  chemicals  on  their  surface.   In  mouse 
skin,  there  appear  to  be  two  or  three  specific  receptors,  each  perhaps 
controlling  a  specific  cellular  function,  such  as  normal  differentiation  or 
cell  division.   These  receptors  may  be  sites  for  some  promoter  or  antipromoter 
substance  normally  present  in  the  body.   Understanding  the  role  of  these 
receptors  in  normal  cells  may  provide  clues  for  triggering  changes  that  could 
ultimately  reverse  the  promotion  process. 

Biological  Carcinogenesis 

NCI  scientists  have  isolated  and  fully  characterized  the  first  true 
type  C  leukemia,  a  virus  from  an  American  patient  with  T  cell  leukemia, 
about  2  years  ago.   Such  a  virus  has  been  the  target  of  intensive  investiga- 
tion since  the  1950s,  when  similar  viruses  from  animals  were  shown  to  cause 
leukemia.   HTLV  appears  to  be  causally  associated  with  a  certain  type  of 
human  leukemia  of  T  cells.   Although  rare,  this  form  of  cancer  appears  to 
cluster  in  certain  regions  of  Japan,  the  Caribbean,  and  in  the  southeastern 
United  States.   A  virus  of  this  same  class  that  appears  highly  related  to  HTLV 
has  subsequently  been  isolated  by  scientists  at  Japan's  Kyoto  University.   Now 
there  are  over  13  independent  isolates  of  the  virus  from  eight  different  areas 
of  the  world.   Through  seroepidemiological  studies,  scientists  have  shown  that 
patients  with  this  rare  form  of  leukemia  have  antibodies  as  well  as  virus 
antigens  in  their  blood,  and  they  usually  come  from  areas  of  the  world  where 
the  virus  is  prevalent  in  the  normal  population.  The  correlation  between  the 
prevalence  of  virus  in  selected  areas  among  normal  people  and  the  fact  that 
the  virus-associated  leukemia  clusters  in  these  areas  provides  the  first  clear 
evidence  for  a  link  between  virus  infection  and  leukemia  causation. 

HTLV  has  been  molecularly  cloned,  and  DNA  sequences  similar  to  those  of 
the  virus  are  found  only  in  T  cells  of  patients  with  the  disease  and  not  in 
other  cells  of  their  bodies,  documenting  that  the  virus  is  acquired  by  infec- 
tion.  This  year,  NCI  scientists  were  able  to  transmit  the  virus  in  laboratory 
culture  to  normal  human  cells,  resulting  in  malignant-like  transformation  of 
these  cells. 

The  discovery  of  a  true  human  leukemia  virus  provides  scientists  with  a 
window  into  the  causes  of  this  form  of  cancer,  with  implications  for  the  dis- 
covery of  fundamental  insights  into  the  biology  of  human  cancer.   Eventually, 
the  scientists  may  be  able  to  devise  a  more  effective  preventive  strategy  for 
this  T  cell  leukemia. 

The  association  of  hepatitis  B  virus  with  primary  hepatocellular  (liver) 
cancer  continues  to  be  an  area  of  interest  to  the  NCI.   Although  rare  in  the 
United  States,  liver  cancer  is  a  major  cause  of  cancer  death  worldwide. 


97 


Hepatitis  B  virus  causes  an  initial  liver  infection.   Upon  recovery,  many 
persons  have  cirrhosis,  and  they  carry  the  virus  in  their  blood  in  a  non- 
infectious state.   Scientists  believe  that  rather  than  causing  liver  cancer 
directly,  the  hepatitis  B  virus  sets  the  stage  for  cancer,  which  may  be 
provoked  later  by  other  risk  factors. 

Last  year,  we  reported  the  trials  of  a  vaccine  that  successfully  pre- 
vented the  initial  liver  infection  among  a  group  of  male  homosexuals.   This 
year,  scientists  made  some  inroads  into  understanding  the  molecular  mechanisms 
of  the  disease  when  they  showed  that  the  viral  DNA  is  integrated  in  the  liver 
cells  of  both  chronic  carriers  of  the  virus  and  hepatoma  patients. 


RESEARCH 


Current  Activities 

Ongoing  research  in  the  area  of  cancer  cause  and  prevention  can  be 
divided  into  the  following  areas: 


Chemical  and  physical  carcinogenesis  includes  research  aimed  at 
defining  the  mechanism  of  action  of  environmental,  chemical,  and 
physical  carcinogenic  agents.   Such  studies  include  characterization 
of  carcinogen-macromolecule  interactions;  metabolism  of  carcinogens, 
including  their  activation  and  detoxification;  changes  in  biological 
macromolecules;  cell  structure,  ultrastructure,  and  functional 
alterations  that  result  from  carcinogen  or  cocarcinogen  exposure; 
development  of  testing  procedures  for  carcinogens  and  promoters; 
mechanisms  of  carcinogen- induced  mutagenesis  and  genetic  damage;  and 
the  role  of  host  factors,  e.g.,  ability  to  repair  DNA. 

Environmental  Carcinogenesis  Research  and  Epidemiology  seeks  to 
identify  environmental  agents,  such  as  radiation,  lifestyle  factors 
(smoking,  nutrition,  etc.),  and  occupational  hazards,  that  cause 
cancer.   The  goal  of  this  research  is  to  apply  these  findings  toward 
the  prevention  of  cancer.   Another  objective  of  this  research  is  to 
identify  human  population  groups  at  high  risk  of  developing  cancer. 
These  projects  involve  collaborative  programs  with  the  Centers  for 
Disease  Control,  the  National  Institute  for  Occupational  Safety  and 
Health,  and  the  Environmental  Protection  Agency.   Some  are  based  on 
the  NCI's  Surveillance,  Epidemiology  and  End  Results  (SEER)  Program, 
a  major  source  of  data  on  cancer  incidence  and  survival  following 
treatment . 

Biological  carcinogenesis  concerns  research  to  identify  viruses  and 
viral  oncogenes  and  gene  products  that  can  cause  the  transformation 
of  normal  cells  to  cancer  cells.   This  research  includes  viruses 
associated  with  human  and  animal  cancer  as  well  as  the  molecular 
studies  on  oncogenes  associated  with  RNA  rumor  viruses.   The  latter 
are  powerful  tools  for  understanding  the  mechanism  of  cancer  induction 
and  might  lead  to  new  approaches  to  prevent  cancer. 
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•  Chemoprevent ion  includes  laboratory  studies  to  identify  agents  that 
inhibit  one  or  more  stages  of  carcinogenesis  as  well  as  clinical 
trials  conducted  to  evaluate  their  use  in  humans.   The  latter  are 
discussed  under  Control. 

•  Four  National  Organ  Site  programs  have  separate  programs  that  explore 
the  causal  factors  unique  to  bladder,  large  bowel,  pancreatic,  and 
prostatic  cancers. 

Chemical  and  Physical  Carcinogenesis 

Understanding  the  mechanism  of  gene  regulation  and  its  relation  to  cancer 
requires  the  knowledge  of  the  structure  of  chromatin  and  chromosomes.   Some 
chromosomal  proteins,  histones,  have  been  isolated  and  studied.   By  producing 
monoclonal  antibodies  directed  to  these  proteins  and  using  a  sensitive, 
enzyme-linked  immunoassay,  scientists  are  probing  the  in  situ  arrangement  of 
defined  chromosomal  components.   These  advances  can  be  directly  applied  to 
studies  on  the  damage  and  repair  of  DNA  in  the  genome  as  a  result  of  binding 
of  chemical  carcinogens  and  exposure  to  radiation. 

The  role  of  chromosomal  abnormalities  and  chromosomal  damage  in 
neoplastic  transformation  is  being  explored.   As  an  approach  to  identifying 
the  genetic  factors  involved  in  cell  transformation,  human  cancer-prone 
genetic  diseases  are  being  studied  with  special  attention  to:   identifying 
groups  of  people  with  increased  susceptibility  to  environmental  carcinogensis , 
correlation  of  cellular  hypersensitivity  with  clinical  abnormalities,  and  the 
molecular  basis  for  the  cellular  hypersensitivity.   Patients  with  xeroderma 
pigmentosum  (XP) ,  ataxia  telangiectasia  (AT),  and  other  diseases  associated 
with  exposure  to  ultraviolet  light  (for  example,  dysplastic  nevus  syndrome) 
were  studied.   Detailed  examination  of  the  clinical  features  of  affected 
individuals  were  made.   A  registry  of  XP  patients  is  being  established. 
Cultures  of  skin  and  blood  are  being  established,  and  the  effects  of  cell 
survival,  mutagenesis,  and  DNA  damaging  agents  are  being  examined.   An 
attempt  to  clone  the  genes  responsible  for  ultraviolet  sensitivity  in  XP 
cells  is  in  progress.   These  studies  may  give  insights  into  mechanisms  of 
cancer  induction  and  may  suggest  modes  of  cancer  prophylaxis.   In  addition, 
these  diseases  serve  as  models  for  studies  of  human  environmental 
carcinogenesis . 

Plasmids,  small  circles  of  DNA  from  bacteria,  have  been  used  to  develop 
an  easy  assay  for  analyzing  the  effect  of  carcinogenic  hydrocarbon  metabo- 
lites.  One  molecule  of  a  carcinogen  acting  upon  the  plasmid  DNA  can  destroy 
the  bacterial  infectivity  of  the  plasmid.   This  simple  assay  is  well  suited  to 
the  detection  and  identification  of  other  toxic  chemicals  that  bind  to  DNA  and 
may  become  a  useful  test  for  carcinogens.   For  example,  when  plasmids  were 
exposed  to  the  diolepoxide  of  benzo(a)pyrene  (BP)  before  they  were  introduced 
into  cells,  an  exceptionally  high  mutation  frequency  was  observed.   The 
mutated  plasmid  DNA  was  recovered  from  the  cells,  permitting  a  determination 
of  changes  in  the  DNA  sequence.   The  mutations  caused  by  BP  diolepoxide  were 
not  located  at  random  but  tended  to  cluster  in  regions  of  identical  nucleotide 
sequence.   The  selection  of  the  "hot  spot"  may  depend  on  specific  DNA 
conformations  of  an  unknown  nature. 
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Another  newly  developed  system  focuses  on  the  use  of  intact  rat  liver 
cells  and  makes  possible  an  examination  of  both  the  metabolism  and  the  muta- 
genicity of  chemicals.   By  coincubating  liver  cells  with  bacterial  (Salmonella) 
tester  strains,  one  can  assess  the  role  of  metabolic  activation  and  detoxifi- 
cation in  determining  the  mutagenic  potential  of  known  or  suspected  carcinogens. 
For  example,  measuring  the  mutation  frequency  in  the  Salmonella  strains  and  the 
degree  of  DNA  damage  in  the  liver  cell  has  made  it  possible  to  determine  the 
metabolic  pathways  for  aromatic  amides,  such  as  2-acetylaminof luorene  (AAF) , 
responsible  for  mutations  in  the  bacteria  and  genetic  damage  to  the  liver  cell. 
Furthermore,  substituting  other  cell  types  (including  human  cell  lines)  for  the 
rat  liver  cell  has  now  made  it  possible  to  evaluate  the  capacity  of  a  wide 
variety  of  cells  to  activate  or  to  inactivate  potential  chemical  carcinogens. 

Transforming  growth  factors  (TGFs)  are  a  heterogeneous  family  of  poly- 
peptides that  alter  the  growth  characteristics  of  nonneoplastic  cells.   They 
have  been  found  in  many  tissues,  both  neoplastic  and  nonneoplastic,  from  all 
species  of  animals  that  have  been  examined  so  far.   The  initial  description  of 
sarcoma  growth  factor  (SGF),  the  first  of  the  TGFs  to  be  isolated,  was  an 
important  finding  in  tumor  cell  biology,  since  it  provided  a  direct  mechanism 
for  the  expression  of  the  neoplastic  phenotype  in  a  virally  transformed  cell. 
Studies  with  SGF  revealed  that  its  ability  to  cause  cell  transformation  was 
dependent  on  its  continued  presence,  and  that  this  effect  was  reversible 
when  SGF  was  removed.   The  studies  showed  that  the  effects  of  SGF  could  be 
expressed  in  the  same  cells  that  synthesized  this  peptide,  a  property  that 
has  been  termed  autocrine  secretion.   Although  these  properties  have  not  been 
definitively  shown  for  all  the  other,  more  recently  discovered  TGFs,  the 
function  of  the  entire  set  of  TGFs  may  be  that  of  local,  hormone-like  agents 
that  reversibly  control  cell  function  by  paracrine  or  autocrine  mechanisms. 
Current  efforts  are  directed  at  determining  both  the  structure  of  these 
materials  and  the  precise  molecular  and  cellular  bases  for  their  actions. 
Attempts  will  be  made  to  design  synthetic  polypeptide  inhibitors  as  a  new 
class  of  chemopreventive  agents  that  would  block  the  activity  of  TGFs. 

Investigations  of  the  mechanism  by  which  DNA  is  repaired  after  it  has  been 
damaged  by  chemical  carcinogens  are  designed  to  elucidate  the  relationship  of 
human  cancer  to  DNA  damage  and  its  repair.   One  of  the  goals  of  this  research 
is  to  determine  the  structure  and  activity  of  DNAs  damaged  by  reaction  with 
chemical  carcinogens  and  the  ability  of  various  strains  of  human  fibroblasts  and 
bronchial  epithelial  cells  to  repair  specific  types  of  damage.  This  problem  is 
being  studied  in  patients  who  have  diseases  associated  with  defective  repair. 

Under  precisely  defined  conditions,  a  wide  range  of  normal  cultured  cells 
from  the  human  as  well  as  the  rat,  guinea  pig,  and  hamster  have  been  trans- 
formed to  a  malignant  state  by  chemical  carcinogens.   Dose/response  relation- 
ships can  be  demonstrated  for  this  phenomenon.   These  studies  have  recently 
been  broadened  to  include  human  epithelial  cells  as  well  as  fibroblasts. 

Another  area  of  research  concentrates  on  precise  understanding  of  each 
step  in  the  metabolism  of  chemical  carcinogens  and  the  structure  and  function 
of  each  carcinogen  metabolite.   Following  are  examples  of  current  research  in 
this  area. 

Studies  are  in  progress  on  the  metabolism  of  chemical  carcinogens  such  as 
N-nitrosamines,  polynuclear  aromatic  hydrocarbons,  mycotoxins,  aromatic  amines, 
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and  methylhydrazines  in  cultured  cells  derived  from  the  human  bronchus,  colon, 
liver,  pancreatic  duct,  and  esophagus.   In  general,  metabolic  pathways  of 
carcinogen  activation  and  carcinogen  deactivation  and  of  the  carcinogen-DNA 
adducts  formed  have  been  found  qualitatively  similar  in  humans  and  experi- 
mental animals.   However,  it  is  important  to  note  that  in  outbred  species 
(including  humans),  a  wide  quantitative  variation  among  individuals  is  found. 
Other  studies  focus  on  the  identification  and  quantification  of  adducts  to 
RNA  and  to  protein.   Although  benzo(a)pyrene  and  its  metabolism  have  been 
evaluated  extensively,  other  compounds  used  in  these  studies  include  various 
nitrosamines ,  N-2-acetylaminof luorene  and  its  derivatives,  and  aflatoxin  B. . 

Investigations  are  being  conducted  of  the  chemistry  of  formation  of 
N-nitroso  compounds  to  determine  whether  carcinogenic  nitroso  compounds  can  be 
formed  from  dietary  intake  of  nitrite  (a  food  additive)  plus  amines  that  are 
susceptible  to  nitrosation.   Sensitive  methods  are  being  developed  to  identify 
nitroso  compounds  by  mass  spectrometry  and  other  analytical  procedures.   Other 
research  includes  studies  of  the  mechanisms  by  which  N-nitroso  compounds  are 
formed,  the  effect  of  feeding  amines  together  with  nitrosating  agents,  the 
potency  and  organ/species  specificity  of  N-nitroso  compounds,  the  distribution 
of  N-nitroso  compounds  and  their  precursors  in  the  environment,  and  the 
synthesis  and  metabolism  of  N-nitroso  compounds.   Ascorbic  acid  (vitamin  C) 
has  been  shown  to  inhibit  the  formation  of  many  nitrosamines  as  well  as  to 
interfere  with  their  action.   However,  ascorbic  acid  may  also  accelerate  the 
formation  of  other  nitrosamines  that,  although  they  are  less  potent  carcino- 
gens, might  generate  more  potent  ones  by  transnitrosation.   These  studies 
provide  new  information  about  the  possible  roles  of  dietary  agents  in  both 
causing  and  preventing  cancer. 

The  metabolism  of  benzo(a)pyrene ,  a  chemical  that  occurs  in  significant 
amounts  in  cigarette  smoke,  in  heavily  polluted  water  and  in  smoked  foods,  is 
being  extensively  studied.   Exposures  are  particularly  high  for  coke  oven 
workers,  gas  works  operators,  and  asphalters,  whose  occupations  have  been 
associated  with  increased  cancer  risk.   As  part  of  this  research,  sensitive 
new  techniques  have  been  developed  and  are  being  used  to  study  the  interaction 
of  benzo(a)pyrene  with  DNA. 

Several  investigators  are  conducting  studies  on  various  growth  and 
functional  properties  x)f  initiated  cells,  preneoplastic  cells,  and  fully 
transformed  cells  and  of  the  identification  of  biochemical  and  molecular 
markers  for  distinguishing  these  altered  cell  types  from  normal  cells.   The 
development  of  most  cancers  is  believed  to  involve  a  multistep  process  in 
which  cells  progress  from  normal  to  initiated  and  premalignant  stages  to  the 
end  point  of  neoplasia.   A  detailed  analysis  of  the  sequence  of  relevant 
biochemical  and  biological  alterations  associated  with  the  development  of 
chemically  induced  carcinogenesis  is  needed  in  order  to  characterize  cells 
at  each  stage.   For  this  purpose,  a  variety  of  model  systems  of  chemical 
carcinogenesis  are  in  use  or  are  being  developed.   One  such  model  system  being 
used  by  several  investigators  involves  the  induction  of  liver  tumors  in  rats 
by  a  variety  of  chemicals  and  the  employment  of  various  treatment  regimens, 
depending  on  the  type  of  study  being  done. 

Other  systems  being  developed  include  models  of  renal  carcinogenesis  in 
which  adenocarcinomas  or  mesenchymal  tumors  are  selectively  induced  after  a 
single  dose  of  dimethylnitrosamine ,  a  mammary  gland  organ  culture  system,  a 
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model  of  oral  carcinogenesis  using  hamster  buccal  pouch  epithelium  as  the 
experimental  system,  and  a  model  for  the  development  of  respiratory 
carcinogenesis  using  a  rat  tracheal  implant/short-term  organ  culture/cell 
culture  experimental  system.   The  mechanisms  of  chemical  carcinogenesis  in 
epithelial  tissues  are  being  emphasized,  since  these  are  the  tissues  of  origin 
of  most  human  cancer.   In  particular,  the  interaction  of  epithelial  cells  with 
tumor  promoters  and  the  identification  of  receptors  for  tumor  promoters  are 
being  emphasized. 

Last  year,  we  reported  the  transfer  of  the  administrative  responsibility 
for  the  Bioassay  Program  to  the  National  Institute  of  Environmental  Health 
Sciences  (NIEHS) .   This  program,  which  tests  various  compounds  for  the  ability 
to  cause  cancer  when  fed  to  mice  and  rats,  was  incorporated  into  the  National 
Toxicology  Program.   This  year,  NCI  drew  up  an  interagency  agreement  to  trans- 
fer to  the  NIEHS  the  $47.9  million  that  supports  the  Bioassay  Program.   The 
transfer  of  funds  will  be  effective  in  1983.   With  this  shift  in  program 
responsibility,  the  NCI  changed  its  research  emphasis  in  cause  and  prevention. 
Realizing  that  strategies  for  cancer  prevention  based  on  the  reduction  or 
elimination  of  human  exposure  to  environmental  carcinogens  may  not  always  be 
possible,  the  Institute  is  currently  evaluating  an  additional  strategy  based 
on  chemoprevention — the  use  of  chemicals  that  interfere  with  one  of  the  stages 
of  carcinogenesis. 


Environmental  Carcinogenesis  Research  and  Epidemiology 

Field  Studies  in  High-Risk  Areas.   Clues  to  the  origins  of  cancer  are 
often  derived  from  observations  of  case  clusters  of  jiisease  occurring  among 
small  groups  over  short  periods  of  time,  with  the  observations  typically  made 
by  alert  clinicians.   Case  clustering  of  more  common  tumors  is  not  so  obvious 
to  the  practicing  physician  but  has  been  uncovered  through  the  NCI's  system- 
atic monitoring  of  cancer  morbidity  and  mortality  statistics.   Following  the 
clues  from  these  routinely  collected  cancer  data,  a  series  of  analytical 
epidemiological  studies  are  being  conducted  in  several  areas  of  the  United 
States  where  cancer  rates  are  high. 

Previous  NCI  studies  have  related  the  exceptionally  high  rates  of  lung 
cancer  in  counties  along  the  southeast  Atlantic  coast  to  work  in  shipyards 
during  World  War  II.   Current  studies  in  high-risk  areas  of  Texas,  Louisiana, 
and  New  Jersey  are  continuing  to  evaluate  the  role  of  asbestos  and  other 
occupational  factors,  including  exposures  in  the  petroleum  and  chemical 
industries.   Community  air  pollution  from  industrial  sources  is  also  being 
evaluated  in  these  studies  and  near  a  nonferrous  smelter  in  Pennsylvania.  The 
effect  on  lung  cancer  of  diets  low  in  vitamin  A  and  other  nutrients  is  another 
area  of  research  by  NCI  scientists.   In  all  the  studies,  complete  smoking 
histories  are  obtained  so  that  the  influence  of  this  potent  lung  carcinogen 
can  be  controlled  for  in  the  analyses,  and  interactions  between  smoking  and 
the  other  risk  factors  can  be  examined. 

Research  is  in  progress  to  determine  reasons  for  the  high  incidence  and 
mortality  rates  of  kidney  cancer  in  the  north  central  region  of  the  United 
States;  emphasis  is  being  placed  on  ethnic  factors  and  lifestyle  patterns. 
Risk  factors  for  bladder  cancer  are  being  sought  in  a  case-control  study  in 
rural  New  England,  where  rates  are  high  among  both  men  and  women.   It  was 


102 


previously  reported  that  the  unusually  high  rates  of  oral  cancer  among  women 
in  the  South  were  chiefly  attributable  to  the  chronic  use  of  snuff  (smokeless 
tobacco);  current  research  is  focusing  on  the  influence  of  poor  nutrition  in 
the  origins  of  this  cancer. 

Other  studies  under  way  include  case-control  investigations  of  gastric 
and  pancreatic  cancers  in  southern  Louisiana,  where  rates  are  among  the 
highest  in  the  country;  nasal  cancer  in  Virginia  and  North  Carolina;  and 
esophageal  cancer  in  coastal  South  Carolina,  where  high  rates  among  Blacks 
have  been  apparent  since  the  1940s. 

Occupational  Carcinogenesis.   Occupational  studies  play  an  important  role 
in  identifying  environmental  carcinogens.   These  studies  have  implications 
beyond  the  work  force,  since  many  agents  are  carried  from  the  workplace  into 
the  general  environment.   Occupational  groups  thus  continue  to  be  valuable 
sentinels  for  identifying  and  evaluating  risk  to  the  general  population. 

A  number  of  studies  are  evaluating  the  effect  of  industrial  exposures  on 
cancer  incidence.   Cohort  studies  of  stainless  steel  welders,  jewelry  manufac- 
turers, dry  cleaners,  and  aircraft  mechanics  should  help  to  assess  the  risk  of 
cancer  after  exposure  to  metals  and  organic  solvents  that  have  shown  carcino- 
genic activity  in  laboratory  animals.   A  cohort  study  of  retired  fur  workers 
will  clarify  the  hazards  associated  with  dyes  that  are  carcinogenic  in  labora- 
tory animals  and  are  used  extensively  as  hair  dyes.   A  study  of  the  mortality 
patterns  of  workers  in  a  large  leather  tannery  and  shoe  manufacturing  plant 
also  focuses  on  potential  exposures  to  dyes,  solvents,  leather  dusts,  and 
possibly  asbestos,  since  mesothelioma  has  been  noted  among  shoeworkers .   In 
a  critically  important  study,  the  mortality  pattern  of  industrial  workers  ex- 
posed to  formaldehyde  is  being  evaluated.   The  widespread  use  of  this  chemi- 
cal, its  chemical  reactivity,  and  its  carcinogenicity  in  laboratory  animals 
raise  special  concerns.   Mortality  studies  are  in  progress  for  the  following 
occupational  groups:   exterminators  exposed  to  various  pesticides;  furniture 
manufacturers  exposed  to  wood,  metal,  and  plastic  dusts  and  to  solvents, 
varnishes,  and  paints;  taconite  miners  exposed  to  asbestos  and  fibrous  dusts; 
embalmers  and  anatomists  exposed  to  formaldehyde  and  other  chemicals;  pattern 
makers;  aniline  dye  workers;  and  laboratory  personnel  previously  employed  at 
Fort  Detrick,  Maryland,  to  determine  possible  effects  of  hyperimmunization 
through  repeated  vaccinations. 

Case-control  studies  of  leukemia,  lymphoma,  and  soft  tissue  sarcoma  are 
being  conducted  in  the  central  region  of  the  United  States  to  evaluate  the 
possible  contribution  of  agricultural  factors,  particularly  pesticides,  to  the 
origin  of  these  tumors.   Subjects  of  other  case-control  studies  focusing  on 
occupational  factors  include  brain  cancer  and  employment  in  the  petrochemical 
industry  and  mesothelioma  and  exposures  to  asbestos.   An  interview  study  of 
patients  in  Virginia  and  North  Carolina  aims  to  clarify  the  relationship 
between  woodworking  and  nasal  cancer.   Ongoing  research  in  Louisiana,  Texas, 
and  New  Jersey  is  directed  toward  evaluating  lung  cancer  risks  among  petroleum 
and  chemical  workers. 

Genetic/Family  Studies.   A  major  area  of  epidemiological  research  is  the 
study  of  familial  and  genetic  aspects  of  cancer.   This  interdisciplinary 
approach  continues  to  provide  insights  into  the  mechanisms  of  host  suscepti- 
bility to  cancer,  as  illustrated  by  the  evaluation  of  familial  melanoma  and 
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its  relation  to  the  dysplastic  nevus  syndrome.   Recognition  of  this  precursor 
lesion  affords  new  opportunities  to  diagnose  melanoma  at  its  earliest  stage. 

Research  continues  to  explore  familial  syndromes  associated  with  sarcoma 
and  other  neoplasms,  with  smoking-related  respiratory  cancer,  with  retino- 
blastoma and  pineal  tumors,  and  with  kidney  cancer  and  polymastia. 

Immunogenetic  studies  in  families  prone  to  various  lymphoproliferative 
disorders  linked  an  HLA-MB  antigen  to  Hodgkin's  disease  susceptibility  and 
revealed  HLA  haplotype  sharing  in  three  siblings  with  hairy  cell  leukemia.   In 
a  study  of  "heritable"  renal  cancer  (patients  with  familial  occurrence,  early 
onset,  or  bilaterality) ,  a  statistical  approach  was  developed  for  calculating 
HLA  phenotype  frequencies  from  2  and  3  locus  haplotype  frequencies.   One 
particular  3  locus  phenotype  (HLA  -  A3,  B7 ,  DR2)  occurred  with  greater  than 
expected  frequency  and  may  be  related  to  ethnic  susceptibility  to  kidney 
cancer.   New  laboratory  approaches,  such  as  fluorescent-activated  cell  sorter 
analysis  and  recombinant  DNA  gene  cloning  technology,  are  being  applied  to  the 
evaluation  of  families  prone  to  chronic  lymphocytic  leukemia  in  which  shared 
cell-surface  immunoglobulin  determinants  have  been  identified. 

A  study  of  3,000  long-term  survivors  of  childhood  cancer  is  now  being 
carried  out  to  assess  adverse  effects  in  these  individuals  as  adults  and  to 
determine  what  adverse  effects  might  have  carried  over  to  their  offspring. 
Research  is  being  conducted  on  fertility  problems,  pregnancy  wastage,  con- 
genital anomalies  in  cases  and  offspring,  second  primary  cancers,  cancers  in 
offspring,  and  psychosocial  morbidity  among  the  long-term  cancer  survivors. 

Radiation  Carcinogenesis.   Research  also  focuses  on  the  further  quantifi- 
cation of  risks  associated  with  ionizing  radiation.   A  certain  minimal  level 
of  exposure  to  ionizing  radiation  is  inevitable  from  cosmic  rays,  radioactive 
materials  in  the  earth,  and  other  background  sources;  moreover,  modern  medi- 
cine relies  heavily  on  diagnostic  x-ray  and  radioactive  tracers  for  the 
detection  of  disease,  and  radiation  is  a  powerful  tool  for  the  treatment  of 
existing  cancer.   Nevertheless,  studies  of  experimental  animals  and  of  popula- 
tions exposed  to  extraordinarily  high  levels  of  radiation — such  as  survivors 
of  the  atomic  bomb  explosions  in  Hiroshima  and  Nagasaki  and  a  number  of  popu- 
lations given  radiation  treatment  for  preexisting  disease — have  shown  that 
radiation  exposure  can  confer  an  additional  cancer  risk.   In  general,  the  data 
suggest  that  some  excess  cancer  risk,  however  small,  is  probably  associated 
with  even  very  small  radiation  doses.   When  verification  of  carcinogenesis 
reaches  such  a  relatively  high  level,  the  focus  of  research  shifts  to  quanti- 
fying risk  associated  with  various  levels  of  exposure.   Thus,  informed  deci- 
sions can  be  made  about  whether  it  is  preferable  to  avoid  the  risk  associated 
with  a  particular  exposure  or  whether  the  anticipated  benefit  from  that 
exposure  outweighs  the  risk.   Another  focus  of  interest  is  how  other  exposures 
or  variables  such  as  age  at  exposure  modify  the  effects  of  known  carcinogens. 
In  addition,  attention  is  being  given  to  comparing  excess  risk  associated  with 
exposure  to  a  carcinogen  with  cancer  risk  in  the  absence  of  exposure.   Such 
problems  have  generated  research  on  construction  of  theoretical  models  to 
achieve  a  clearer  basic  understanding  of  the  nature  of  carcinogenesis. 

Hormonal  and  Drug-Related  Carcinogenesis.   Demographic,  clinical,  and 
laboratory  observations  are  being  monitored  for  candidate  drugs  that  can  be 
evaluated  for  carcinogenic  effects.   Research  methods  include  clinical  trials 
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for  long-term  effects,  followup  of  specific  patient  populations,  intensive 
case-control  investigations,  and  record  linkage  studies  within  prepaid  health 
plans.   These  studies  are  valuable  in  the  clarification  of  drug  effects  and  in 
the  development  of  insights  into  mechanisms  of  carcinogenesis. 

Research  to  evaluate  the  potentially  carcinogenic  effects  of  alkylating 
agents,  antimetabolites,  and  other  medications  used  in  the  treatment  of  cancer 
and  some  nonneoplastic  conditions  has  been  expanded.   In  a  followup  of  ovarian 
cancer  patients  participating  in  randomized  trials,  there  was  a  substantially 
elevated  risk  and  a  dose/response  relationship  associated  with  alkylating 
agents.   An  evaluation  of  nine  clinical  trials  involving  the  use  of  methyl- 
CCNU  revealed  an  excess  risk  of  leukemia  among  patients  treated  with  this 
drug.   In  a  followup  of  517  patients  with  non-Hodgkin' s  lymphoma,  there  was 
an  excess  of  acute  nonlymphocytic  leukemia  related  to  therapy,  particularly 
total  body  irradiation,  and  an  excess  of  lung  cancer  that  seemed  unrelated  to 
specific  treatment.   Nearing  completion  is  a  study  of  cancer  risk  in  rheuma- 
toid arthritis  patients  treated  with  alkylating  agents.   An  intensive  study 
involving  the  collaboration  of  several  cancer  centers  is  being  conducted  on 
children  with  multiple  primary  cancers  to  clarify  the  role  of  therapy  in  the 
development  of  second  cancers. 

Nutrition.   Research  to  clarify  dietary  factors  in  cancer  etiology  is 
being  explored  in  several  case-control  studies.   A  study  of  colorectal  cancer 
in  Florida  retirement  areas  is  in  progress  to  elucidate  the  low  rates  of  the 
disease  in  the  South,  including  areas  with  a  large  percentage  of  migrants  from 
the  North.  Also  under  way  is  a  study  to  evaluate  the  role  of  dietary  factors 
in  the  increased  risk  of  breast  cancer  among  Japanese  migrants  to  the  United 
States. 

Several  studies  are  being  conducted  to  evaluate  the  influence  of 
vitamin  A  and  carotene  in  reducing  the  risk  of  epithelial  cancers.   A  dietary 
component  was  added  to  case-control  studies  of  lung  cancer  in  New  Jersey  and 
Texas  to  ascertain  whether  retinol,  carotene,  vitamin  C,  fruits  and  vegetables 
in  general,  or  some  other  dietary  component  is  associated  with  reduced  risk, 
and  to  examine  the  interaction  of  diet  with  smoking  and  other  risk  factors.   A 
case-control  study  of  invasive  and  in  situ  forms  of  cervical  cancer  will 
measure  the  intake  of  various  micronutrients ,  both  by  interview  about  adult  . 
dietary  patterns  and  by  laboratory  assay  of  blood  samples. 

The  NCI  continued  to  develop  and  to  use  national  data  resources  that 
might  contribute  to  research  on  nutrition  and  cancer  etiology.   Several 
analytic  studies  involve  HANES  I,  the  first  Health  and  Nutrition  Examination 
Study  in  the  United  States,  conducted  from  1971  to  1974  among  23,000  people. 
In  1982  to  1984,  the  NCI  will  collaborate  with  other  Institutes  and  with  the 
National  Center  for  Health  Statistics  to  trace  and  reinterview  adults  examined 
in  HANES  I  in  an  effort  to  relate  dietary  habits  to  subsequent  risk  of  cancer. 

Smoking  and  Health.   The  National  Cancer  Institute  is  responsible  for 
epidemiological ,  toxicological ,  behavioral,  and  social  research,  as  well  as 
demonstration  activities  to  identify  the  cancer  risks  associated  with  smoking 
and  to  develop  strategies  for  prevention  and  cessation.   The  Smoking  and 
Health  Program  supports  a  broad  range  of  research  activities  of  potential 
importance  to  a  number  of  smoking-related  diseases.   Among  these  activities 
are  projects  aimed  at  understanding  the  nature  of  biobehavioral  dependence  on 
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smoking,  as  well  as  its  development  in  high-risk  groups  that  are  not  decreas- 
ing usage  (for  example,  minorities,  adolescents,  females,  and  workers  exposed 
to  known  or  suspected  carcinogens).   Special  attention  has  been  given  to  the 
evaluation  of  smoking  prevention-cessation  methods,  especially  among  high-risk 
groups,  as  well  as  community  demonstration  and  education  programs  to  effect 
changes  in  smoking  patterns. 

Short-term  bioassays  for  carcinogens  are  desirable  adjuncts  to  lengthy 
mouse  skin  painting  procedures.   The  sebaceous  gland  suppression  test  was 
found  valuable  as  a  screening  technique.   Recently,  the  development  of  an 
inbred  Syrian  golden  hamster  model  promises  a  new  skin  bioassay  that  is  sensi- 
tive and  reproducible.   These  animals  have  already  shown  a  sensitivity  to 
laryngeal  cancer  through  exposure  to  inhaled  tobacco  smoke.   This  model  offers 
the  possibility  of  a  sensitive,  rapid,  and  reproducible  skin  bioassay  system 
that  may  be  applicable  to  other  suspected  carcinogens  as  well  as  tobacco  smoke 
condensate. 

The  Smoking  and  Health  Program  continues  to  support  research  on  identifi- 
cation of  carcinogens  in  cigarette  smoke.   A  reproducible  gas  chromatography- 
thermal  energy  analyzer  (GC-TEA)  method  has  been  developed,  and  to  date,  four 
tobacco-specific  N-nitrosamines  have  been  identified.   These  are  N'-nitro- 
sonornicotine  (NNN) ,  4-(methylnitrosamino)-l-(3-pyridyl)-l-butanone  (NNK) , 
N'-nitrosoanatabine  (NAT),  and  N'-nitrosoanabasine  (NAB) .   NNN,  NNK,  and  NAB 
induce  benign  and  malignant  tumors  of  the  respiratory  tracts  of  mice  and  rats. 
It  has  been  shown  that  NNN  and  NNK  induce  tumors  in  the  upper  respiratory 
tracts  of  hamsters  and  that  NNK  is  the  most  active  of  the  tobacco-specific 
nitrosamines  that  also  include  adenoma  and  adenocarcinoma  of  the  lung  in 
hamsters . 

The  same  method  was  used  for  the  quantitative  determination  of  N-nitroso- 
diethanolamine  (NDELA)  in  tobacco,  tobacco  smoke,  and  chewing  tobaccos.   The 
biological  activity  of  NDELA  was  determined  in  Syrian  golden  hamsters  by  skin 
painting,  swabbing  of  the  oral  cavity,  and  subcutaneous  injection.   Indepen- 
dently of  the  form  of  application,  NDELA  induced  carcinomas  of  the  nasal 
cavity,  papillomas  of  the  trachea,  and  tumors  of  the  larynx  in  some  animals. 
The  higher  tumor  yield  induced  by  painting  the  oral  cavity,  compared  to  the 
yield  induced  by  skin  painting,  indicates  that  NDELA  uptake  through  the  oral 
cavity  in  hamsters  is  greater  than  intake  through  the  skin.   Present  evidence 
indicates  that  diethanolamine  is  a  major  precursor  for  NDELA  in  tobacco  and 
tobacco  smoke.   Diethanolamine  is  used  as  a  solubilizer  for  maleic  hydrazide, 
the  major  sucker-growth  inhibitor  for  U.S.  tobacco  crops. 

Fractionation  of  tobacco  and  tobacco  smoke  has  resulted  in  the  identifi- 
cation of  cocarcinogens  and  tumor  promoters  in  the  neutral  and  weakly  acidic 
fractions  of  cigarette  smoke  condensate.   Of  these,  cyanophenols ,  catechol, 
and  3-  and  4-methylcatechol  have  proved  to  be  carcinogens.   A  semivolatile 
basic  subfraction  extracted  from  cigarette  tobacco  has  been  shown  to  be 
mutagenic.   This  subfraction  may  contribute  significantly  to  the  flavor  of 
tobacco  smoke. 

In  the  area  of  tobacco  carcinogenesis,  homogenized  leaf  curing  coupled 
with  a  crystallization  procedure  has  enabled  the  extraction  of  fraction  I  and 
fraction  II  proteins  from  tobacco.   These  extraction  procedures  have  been  shown 
to  remove  precursors  of  tumorigenic  smoke  products  resulting  from  pyrolytic 
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reactions.   Sebaceous  gland  suppression  tests  on  mouse  skin  have  confirmed  the 
lower  tumorigenicity  of  condensate  generated  from  the  extracted  tobaccos. 

Chemical  analysis  of  whole  smoke  from  commercial  cigarettes  has  continued 
in  order  to  assist  in  the  interpretation  of  results  of  epidemiological  studies. 
During  the  past  year,  over  120  domestic  brands  of  cigarettes  have  been  pro- 
cessed.  Emphasis  has  been  given  to  the  newer  "low-tar"  and  ultra  "low-tar" 
cigarettes,  which  have  been  analyzed  for  tar,  nicotine,  carbon  monoxide, 
hydrogen  cyanide,  nitrogen  oxides,  and  acrolein  content.   The  profiling  of  the 
vapor  phase  of  whole  smoke  constituents  continues  to  show  a  quantitative 
similarity  in  these  constituents  among  cigarettes  with  widely  different  tar 
deliveries.   The  one  exception  occurred  with  a  nontobacco  cigarette,  which 
yielded  a  higher  carbon  monoxide  content  than  that  in  tobacco  cigarettes. 

A  cooperative  study  has  been  initiated  with  the  U.S.  Department  of 
Agriculture  for  the  development  of  a  Low-Yield  Reference  Cigarette  (LYRC) . 
The  Surgeon  General's  Report  (1980)  indicated  that  one  of  the  chief  research 
needs  is  a  study  of  reduced  tar  and  nicotine  cigarettes  by  routine  and 
frequent  surveillance  of  current  and  new  cigarettes  for  specific  chemical 
constituents  and  their  biological  activity.   The  LYRC  is  a  cigarette  con- 
taining specific,  known  amounts  of  tar  and  nicotine.   It  will  be  used  as  a 
reference,  or  standard,  against  which  commercial  cigarettes  can  be  compared. 
It  will  be  developed,  produced,  and  provided  to  researchers  involved  in 
studies  of  smoking  and  health  so  that  they  can  compare  commercial  cigarettes 
to  a  widely  accepted  "standard"  cigarette.   The  physical  and  chemical  (tar  and 
nicotine)  specifications  for  the  LYRC  have  been  established,  and  the  cigarette 
should  be  available  for  use  by  investigators  in  early  1983. 

The  concentrations  of  circulating  levels  of  nicotine  and  cotinine  were 
determined  in  beagle  dogs  exposed  to  cigarette  smoke.   Rates  of  appearance  and 
washout  for  each  substance  were  determined  to  establish  dose/time  relation- 
ships in  this  animal  model  and  to  suggest  methods  of  quantifying  smoke-related 
components  in  other  model  systems.   These  trials  provide  the  basis  for  better 
definition  of  dose  levels  and  should  prove  useful  in  future  inhalation  experi- 
ments in  both  humans  and  animals. 

The  effect  of  nicotine  aerosol  formulation  on  nicotine  uptake  has  been 
studied  in  the  beagle  dog  model.   Analysis  of  pulmonary  uptake  of  nicotine  in 
acidic,  neutral,  or  basic  media  has  shown  that  the  rate  of  uptake  is  indepen- 
dent of  acidity/basicity  in  the  range  tested  (pH  5-9).   This  is  the  first 
study  to  examine  the  effect  of  pH  on  pulmonary  uptake  of  nicotine. 

Data  collection  in  a  retrospective  lung  cancer  case-control  study  in 
selected  cities  in  the  United  States  is  continuing.   To  date,  over  2,800  cases 
have  been  interviewed,  along  with  matched  hospital  and  neighborhood  controls. 
Data  analysis  is  now  under  way,  with  initial  emphasis  being  placed  on  the 
association  of  lung  cancer  in  nonsmokers.   A  prospective  study,  using  a  self- 
administered  questionnaire,  is  in  progress  at  Kaiser  Foundation  Research 
Institute.   The  study  will  involve  more  than  80,000  ambulatory  subscribers 
to  a  prepaid  medical  care  plan.   Preliminary  analysis  of  data  shows  no  rela- 
tionship between  peptic  ulcer  and  cigarette  smoking.   Data  collection  for 
epidemiology  studies  on  lung  cancer  and  cigarette  smoking  has  been  completed 
in  six  cities  in  five  European  countries,  and  these  data  are  now  being 
analyzed . 
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Projects  supported  by  the  Institute  have  contributed  to  a  nationwide 
effort  to  reduce  the  incidence  of  cancer  and  related  morbidity  and  mortality 
attributable  to  cigarette  smoking  and  tobacco  use.   Data  concerning  biobe- 
havioral  antecedents  and  correlates  in  subgroups,  endocrine  functioning  and 
central  nervous  system  correlates,  and  identification  of  factors  that  may 
assist  smokers  who  resist  warnings  relating  smoking  to  lung  cancer  have  been 
translated  into  prevention  and  cessation  strategies  with  the  goal  of  reducing 
cigarette  smoking  and  tobacco  use.   Evidence  suggests  that  application  of 
these  strategies  is  likely  to  result  in  reduced  cancer-related  mortality 
through  a  decline  in  incidence  rates. 

Biological  Carcinogenesis 

One  area  of  current  research  focuses  on  the  use  of  mouse  mammary  tumor 
virus  (MMTV)  as  a  model  of  human  breast  cancer.   Monoclonal  antibodies  reac- 
tive with  the  major  envelope  and  internal  structural  proteins  of  MMTVs  have 
been  developed.   A  number  of  monoclonal  antibodies  reactive  with  human  mammary 
cells  have  also  been  developed  and  characterized.   The  monoclonal  antibodies 
developed  so  far  react  with  approximately  85  percent  of  human  mammary  tumors; 
studies  are  in  progress  to  generate  additional  monoclonal  antibodies  to  the  as 
yet  unreactive  mammary  carcinomas.   Studies  to  localize  human  mammary  tumors, 
using  radioactively  labeled  monoclonal  antibodies,  are  also  under  way.   In 
athymic  mice  bearing  human  mammary  tumor  transplants,  the  radiolabeled  anti- 
body localized  within  the  tumor  within  24  hours  of  the  transplantation.   No 
localization  was  observed  in  mice  bearing  human  melanomas  or  after  injection 
of  radiolabeled  normal  murine  IgG  into  mice  bearing  human  mammary  tumors. 
Several  monoclonal  antibodies  are  now  being  labeled  with  other  radioactive 
isotopes  that  may  be  more  appropriate  for  clinical  studies. 

Investigations  of  viral  information  in  human  breast  carcinomas  have 
resulted  in  the  detection  of  a  human  antigen  closely  related  to  surface  com- 
ponents of  the  MMTV.   A  family  history  of  breast  cancer  was  also  associated 
with  a  high  incidence  of  this  antigen.   Because  of  the  immunologic  and  bio- 
chemical similarities  between  human  and  mouse  mammary  cancer,  an  antigen  may 
become  available  for  use  in  diagnosis,  prognosis,  and  possible  control  of 
human  breast  cancer. 

New  MMTV  host-range  variants  were  selected  and  characterized.   These  vari- 
ants can  infect  cells  and  actively  produce  viral  progeny.   This  major  break- 
through in  MMTV  virology  and  the  study  of  breast  cancer  provides  useful  new 
model  systems  for  studying  the  mechanism  of  murine  mammary  tumor  virus  action. 

Other  MMTV  research  includes  studies  of  the  nature  and  control  of  expres- 
sion of  MMTV  proteins,  surface  antigens,  and  other  viral  components;  analysis 
of  MMTV  genomes  for  oncogenic  potential;  interaction  of  MMTVs  with  their  hosts; 
cellular  and  humoral  immune  responses  to  MMTV;  and  comparisons  of  endogenous 
and  exogenous  MMTVs  for  immunology,  genetic  relatedness,  and  tumor  induction. 

A  number  of  other  major  advances  have  been  made  in  understanding  the 
structure  and  function  of  the  genes  and  gene  products  of  oncogenic  viruses  and 
their  effect  upon  malignant  transformation.   For  example,  experiments  involv- 
ing multiple  cycles  of  infecting  cells  with  transforming  Moloney  murine 
sarcoma  viruses  (MSV)  demonstrated  extensive  deletions  (up  to  40  percent)  of 
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the  portions  of  the  MSV  genome  not  involved  in  malignant  transformation. 
Cleavage  of  the  small  residual  genomes  further  narrowed  the  region  of  the 
Moloney  MSV  genome  essential  to  transformation  and  has  resulted  in  the 
sequencing  of  the  transforming  portion  of  this  gene.   Moloney  murine  sarcoma 
virus  is  a  representative  of  the  class  of  replication-defective  sarcoma 
viruses.   This  virus  arose  by  recombination  of  the  nondefective  Moloney  murine 
leukemia  virus  and  cellular  sequences  present  within  the  normal  mouse  genome. 
These  latter  sequences  are  essential  for  viral  transforming  activity.   The 
complete  nucleotide  sequence  of  this  retrovirus  has  been  determined.   The 
viral  genome  has  the  coding  capacity  in  plO  and  env  genes.   A  large,  open 
reading  frame  encompassing  its  cell-derived  sequences  codes  for  its  putative 
transforming  protein.   The  nature  of  some  of  the  important  domains  in  the 
viral  genome  has  been  established. 

Transforming  polypeptide  growth  factors  (TGFs)  have  been  isolated  from  a 
variety  of  epithelial  and  mesenchymal  tumors  induced  by  either  chemicals  or 
viruses  (or  spontaneously  occurring)  in  mice,  chickens,  and  humans.   Current 
efforts  are  directed  at  determining  the  exact  structure  of  these  acid-stable, 
low-molecular-weight  materials  and  determining  the  precise  molecular  and 
cellular  basis  for  their  action.   Attempts  will  be  made  to  design  synthetic 
polypeptide  inhibitors  as  a  new  class  of  chemopreventive  agents  that  would 
block  the  activity  of  TGFs.   The  effect  of  other  inhibitors,  such  as 
retinoids,  will  also  be  studied.   Studies  are  continuing  of  three  different 
human  tumor  lines  in  tissue  culture  (a  rhabdomyosarcoma,  a  bronchogenic 
carcinoma,  and  a  metastatic  melanoma)  that  release  TGFs  into  the  culture 
medium.   The  proteins  transform  rat  and  human  fibroblasts  and  enable  normal 
anchorage-dependent  cells  to  become  anchorage- independent  and  grow  in  soft 
agar.   Peptides  from  these  tumor  cells  are  similar  in  their  action  to  a 
sarcoma  growth  factor  (SGF)  released  by  murine  sarcoma  virus-transformed 
rodent  cells.   TGF  production  by  transformed  cells  and  the  responses  of  their 
normal  counterparts  raise  the  possibility  that  cells  "autostimulate"  their 
growth  by  releasing  factors  that  rebind  at  the  cell  surface. 

Chemoprevention 

There  are  a  number  of  efforts  to  investigate  the  chemoprevention  of 
carcinogenesis  by  retinoids.   These  natural  and  synthetic  analogues  of 
vitamin  A  have  already  been  shown  to  inhibit  or  delay  the  development  in 
animals  of  epithelial  tumors  in  the  skin,  lung,  breast,  bladder,  and 
pancreas  and  to  suppress  malignant  and  phenotypic  transformation  in  culture, 
whether  it  has  been  caused  by  chemical  carcinogens,  ionizing  radiation, 
or  polypeptide-transforming  factors.   Effective  chemoprevention  of  epithelial 
cancer  by  retinoids  will  require  compounds  capable  of  arresting,  reversing, 
and  otherwise  inhibiting  the  carcinogenic  process  in  the  desired  target 
organ  and  tissue,  while  at  the  same  time  being  nontoxic  to  the  host. 

Considerable  effort  is  therefore  being  devoted  to  the  synthesis  of  new 
retinoid  structures,  to  assay  in  vitro  for  their  possible  chemopreventive 
efficacy,  to  determine  their  toxicologic  properties,  and  to  evaluate  their 
anticarcinogenic  activity  in  animal  systems  in  vivo.   These  studies  are 
providing  increased  knowledge  of  retinoid  pharmacokinetics,  structure- 
activity  relationships,  and  chemopreventive  capacity.   The  mechanism  of 
action  of  retinoids  is  also  being  studied.   Current  work  focuses  on  the 
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role  of  retinoids  in  glycoprotein  synthesis  at  the  cell  surface  and  the 
influence  of  retinoids  on  normal  cell  differentiation. 

In  other  studies  of  the  chemopreventive  effects  of  retinoids,  the  effect 
of  retinyl  acetate  on  x-ray- induced  mammary  gland  carcinogenesis  is  being 
assessed.   This  project  has  special  significance,  since  radiation  is  a  known 
carcinogen  for  human  breast  cancer  and  since  there  have  been  no  previous 
investigations  of  retinoid  suppression  of  experimental  radiation  carcino- 
genesis.  These  studies  focus  specifically  on  the  capacity  of  the  retinoid  for 
inhibition  of  carcinogenesis  over  the  life  span  of  the  animal.   Ten  months 
after  initiation  of  the  studies,  the  incidence  of  both  carcinogen- induced 
mammary  adenocarcinomas  and  total  numbers  of  cancers  was  decreased  in  the 
retinyl  acetate-treated  animals.   In  the  x-irradiated  animals,  the  incidence 
of  adenocarcinomas  was  decreased  by  56  percent. 

An  important  area  of  study  for  retinoid  inhibition  of  carcinogenesis  is 
the  determination  of  the  relationship  between  the  pharmacological  distribution 
of  retinoids  and  their  chemopreventive  effect.   Sensitive  assays  have  been 
developed , to  determine  blood  and  tissue  levels  of  retinoids  following 
administration  of  doses  in  the  prophylactic  range. 

Current  evidence  indicates  that  retinoids  with  different  pharmacological 
properties  are  effective  in  chemoprevention  of  cancer  in  different  organs. 
These  studies  provide  a  rational  basis  for  coupling  the  selection  of  retinoids 
to  be  tested  with  the  organ/tissue  sites  at  which  chemopreventive  efficacy 
is  desired.   For  example,  investigations  are  under  way  to  determine  whether 
retinoids  can  inhibit  or  suppress  the  appearance  of  chemically  induced 
malignancies  of  the  brain  and  other  parts  of  the  nervous  system.   Studies 
have  shown  that  one  of  the  retinoids  being  tested  is  retained  by  brain  tissue 
for  long  periods  following  either  intravenous  or  oral  administration. 


Organ  Site  Program 

The  National  Organ  Site  Program  supports  studies  seeking  to  identify 
carcinogenic  factors  and  to  develop  methods  for  minimizing  their  effect. 
Included  are  studies  aimed  at  increasing  understanding  of  the  pathogenic 
and  carcinogenic  processes  and  identifying  possible  intervention  methods. 

National  Bladder  Cancer  Project.   Research  is  continuing  on  the  develop- 
ment of  methodology  for  detecting  trace  amounts  of  industrially  related 
bladder  carcinogens  and  their  metabolites;  for  assessing  the  significance 
of  cigarette  smoking  and  occupational  hazards  in  the  etiology  of  bladder 
cancer;  and  for  developing  sensitive  techniques  for  measuring  compounds 
and  their  metabolites  in  the  urine  that  are  known  or  suspected  bladder 
carcinogens . 

Emphasis  is  being  directed  toward  the  analysis  of  tumor  initiation  and 
promotion,  development  of  markers  of  preneoplastic  change  and  early  tumor 
development,  identification  of  high-risk  populations,  development  of  systemic 
and  intravesicular  chemotherapy  for  superficial  bladder  lesions,  identifica- 
tion of  clinical  methods  for  preventing  recurring  bladder  tumors,  and 
development  of  improved  techniques  for  evaluating  the  sensitivity  of  tumors 
of  individual  patients  to  chemotherapeutic  agents. 
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The  conditions  influencing  recurrences  of  bladder  tumors  and  the  enhance- 
ment or  inhibition  of  the  growth  of  tumors  are  under  active  study.   Such 
conditions  include  the  potential  implantation  of  tumor  cells  on  denuded 
surfaces  of  the  bladder  wall  after  surgery,  possible  cytotoxic  effects  of 
cystoscopic  fluids  on  bladder  epithelium,  and  factors  that  modify  the 
inmunologic  system  of  the  host. 

National  Large  Bowel  Cancer  Project.   This  multidisciplinary  program  is 
directed  toward  defining  the  metabolism  and  mechanisms  of  action  of  colon 
cancer  carcinogens,  promoters,  modifiers,  and  inhibitors;  studying  the  inter- 
actions of  colon  carcinogens  with  macromolecules  and  cytoplasmic  proteins  of 
colon  mucosal  cells;  and  investigating  biochemical  variations  in  the  colon 
cancer  cell  that  might  be  exploited  as  markers .   Research  emphasizes  the 
causation  of  large  bowel  cancer,  identification  of  high-risk  individuals,  and 
pharmacological  control  and  prevention.   Animal  models  are  being  used  to 
identify  potential  inhibitors  of  carcinogens;  examine  novel  methods  of 
immuno prevent  ion;  elucidate  events  associated  with  transformation  of  colon 
epithelium  to  precancerous  lesions  and  ultimately  overt  carcinoma  of  the  large 
bowel;  and  examine  the  effects  of  dietary  factors  and  the  influence  of  micro- 
flora upon  the  development  of  large  bowel  cancer. 

The  National  Large  Bowel  Cancer  Project  places  major  emphasis  on  programs 
aimed  at  prevention,  such  as  assessment  of  high-risk  populations  and  dietary 
factors  believed  to  influence  large  bowel  carcinogenesis;  development  of 
immunological  approaches;  and  examination  of  drugs  that  may  inhibit  the  car- 
cinogenic process.   Current  research  in  colon  carcinogenesis  includes  studies 
on  the  mechanism  of  action  of  procarcinogens  and  carcinogens  and  the  promoting 
and  inhibitory  effects  of  such  factors  as  dietary  fiber  and  fat,  bile  acids, 
selenium,  disulfiram,  vitamin  C,  and  other  antioxidants.   The  role  of  diet  in 
large  bowel  carcinogenesis  is  under  investigation.   A  mutagen  found  in  fried 
meat  has  been  identified  as  2-amino-3-methylimadazol  (4,5-f)  quinoline,  which 
sterically  resembles  the  colon  carcinogen  3,2-dimethyl-4  aminobiphenyl .   Efforts 
are  being  directed  at  blocking  mutagen  formation.   Soy  protein  (15  percent) 
reduces  the  amount  of  extractable  mutagenic  activity  by  more  than  90  percent, 
while  chlorogenic  acid  and  butylated  hydroxyamisole  (BHA)  are  also  highly 
inhibitory.   Other  studies  suggest  that  a  variety  of  factors,  including  anti- 
biotics and  diet,  affect  the  metabolism  and  excretion  of  three  different  classes 
of  procarcinogens  and  that  a  concomitant  reduction  in  fecal  bacterial  enzyme 
activity  explains  these  metabolic  and  excretory  changes.   The  acute  and  chronic 
effects  of  dietary  cholic  acid  on  colonic  epithelial  cell  proliferation,  and 
the  effects  of  various  bile  acids  on  the  absorption  and  transport  of  carcinogens 
in  the  colon,  are  under  study. 

The  biotransformation  of  quercetin,  a  naturally  occurring  product  with 
carcinogenic  activity,  is  being  investigated.   A  mutagenic  metabolite  of 
quercetin  has  been  isolated,  and  the  structural  features  that  appear  to  be 
essential  for  mutagenic  activity  have  been  identified.   The  formation  of 
azoxymethane  and  other  mutagenic  azoxy  compounds  during  the  biological  oxida- 
tion of  amines  is  being  studied.   Efforts  are  also  directed  at  characterizing 
mutagenic  bacterial  products  from  human  feces. 

Inhibition  of  carcinogen- induced  colonic  neoplasms  in  mice  has  been 
demonstrated.   Several  phenolic  compounds  were  used  to  achieve  this  inhibition 
and  the  resulting  significant  reductions  in  large  bowel  tumors.   The  study  is 
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of  interest  because  several  of  these  phenols  are  widely  consumed  in  the  diet 
as  food  additives  or  occur  naturally  as  constituents  of  fruits  and  vegetables. 
Approaches  to  enhancing  the  inhibitory  effects  of  these  classes  of  compounds 
are  under  study.   It  has  been  determined  that  the  colon  is  an  active  site  of 
prostaglandin  (PG)  synthesis.   Further  studies  in  rat  colon  support  the 
existence  of  an  arachidonic  acid-responsive  pathway  for  carcinogen  activation 
that  is  in  part  coupled  to  cyclooxygenase  and  PG  synthesis.   This  pathway  may 
represent  an  important  alternative  route  of  local  colonic  xenobiotic  metab- 
olism that  is  potentially  subject  to  dietary  and  hormonal  influence.   The 
control  of  carcinogen  hydroxylation  in  rat  colon  by  gastrointestinal  hormones 
and  evidence  of  the  presence  of  multiple  forms  of  cytochrome  P-450  in  colon 
microsomes  have  also  been  demonstrated. 

The  molecular  basis  of  malignant  transformation  of  colonic  epithelial 
cells  is  being  investigated.   Topographic  studies  have  been  initiated,  using 
lectins  as  specific  molecular  probes,  to  define  the  labeling  patterns  of 
carbohydrate-containing  components  of  colonic  goblet  cells.   Identification, 
isolation,  and  characterization  of  tumor-associated  or  tumor-specific  cell- 
surface  membrane  glycoproteins  or  glycolipids  of  homogeneous  cultured  human 
colon  cancer  cell  lines  will  be  useful  not  only  as  diagnostic  tumor  markers 
but  in  providing  an  explanation  of  the  molecular  processes  involved  in 
malignant  transformation,  growth  control  of  cells,  and  metastasis.   Exposure 
of  colon  tumors  to  butyrate  suppresses  the  malignant  phenotype  and  leads  to  an 
expression  of  differentiated  functions.   Postsynthetic  modification  of  chromo- 
somal proteins  represents  a  primary  target  of  the  butyrate  action.   In 
addition  to  inhibiting  histone  deacetylase  activity  directly,  butyrate 
progressively  but  reversibly  inhibits  the  phosphorylation  of  histones  HI  and 
H2A.   In  view  of  the  numerous  indications  that  progression  through  the  cell 
cycle  is  dependent  on  programmed  phosphorylation  of  the  histones,  HI  in 
particular,  the  block  in  histone  phosphorylation  in  butyrate-treated  cells  may 
well  be  a  determining  factor  in  the  observed  arrest  of  tumor  cell  growth  in 
the  Gl  phase  of  the  cell  cycle.   Other  studies  suggest  that  1 , 2-dimethyl- 
hydrazine-induced  transformation  of  mouse  colon  cells  is  associated  with 
extensive  changes  in  gene  expression.   Of  378  clones  screened  with  normal 
colon  and  tumor  probes,  seven  showed  major  increases  in  tumor  tissue  as 
compared  to  normal  tissue,  and  one  showed  a  major  decrease.   Using  this 
molecular  approach,  it  may  be  possible  to  begin  to  define  patterns  of  changes 
in  gene  expression  during  transformation  and  the  stages  at  which  genetic 
reprogramming  of  individual  cells  takes  place. 

Efforts  have  been  directed  at  developing  methods  to  culture  human  colonic 
carcinoma.   Technological  advances  have  allowed  the  establishment  of  15  cell 
lines  of  human  colonic  carcinoma  with  different  biological  properties  and  have 
permitted  identification  of  heterogeneity  of  the  malignant  cells  in  human 
colon  carcinoma.   The  isolation  of  heterogeneous  malignant  cell  types  with 
different  biological  properties  from  a  single  tumor  has  been  accomplished,  and 
the  various  subpopulations  show  different  responses  to  drugs,  including  resis- 
tance to  5-f luorouracil .   Other  major  efforts  are  directed  at  establishing 
epithelial  cell  cultures  from  the  normal  human  colon. 

National  Pancreatic  Cancer  Project.   Several  studies  have  suggested  that 
pancreatic  cancer  in  humans  may  be  etiologically  related  to  exogeneous  chemi- 
cals, and  histological  evidence  is  accumulating  that  acinar  cell  and  ductal 
tumors  are  correlated  with  exposure  to  such  chemicals.    The  incidence  of 
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pancreatic  acinar  cell  nodules  was  higher  among  patients  with  histories  of 
heavy  cigarette  smoking  than  among  nonsmokers,  and  higher  among  patients  with 
a  history  of  alcohol  abuse  than  among  abstainers. 

Epidemiological  information  about  pancreatic  cancer  is  being  emphasized, 
and  studies  will  continue  to  assess  the  significance  of  occupational  exposure 
to  carcinogens,  coffee  drinking,  alcohol  consumption,  and  diet  in  the  etiology 
of  pancreatic  cancer.   Several  case-control  studies  examining  socioeconomic, 
environmental,  and  dietary  factors  will  continue  to  identify  groups  at  high 
risk  for  the  disease. 

Regional  differences  in  mortality  from  pancreatic  cancer  have  been 
confirmed  by  demographic  data  under  analysis;  the  rates  for  Blacks  are  lower 
than  those  for  whites  in  rural  southern  areas  but  higher  elsewhere;  particu- 
larly in  northern  urban  areas.   No  associations  have  been  found  with  socio- 
economic, industrial,  or  alcohol-consumption  indices,  but  the  mortality 
patterns  for  pancreatic  and  lung  cancers  are  highly  correlated  in  males,  sug- 
gesting the  influence  of  tobacco  consumption  on  both  diseases.   In  females, 
pancreatic  cancer  and  diabetes  mellitus  mortality  rates  are  significantly 
correlated,  a  finding  that  supports  other  evidence  linking  those  two  diseases. 

Chronic  alcoholism,  which  has  been  reported  to  predispose  individuals  to 
pancreatic  cancer,  may  bring  about  early  changes  in  the  concentration  or  type 
of  lysosomal  enzymes  present  in  pancreatic  secretions.   Samples  of  human 
pancreatic  juice  were  obtained  by  direct  cannulation  of  the  main  pancreatic 
ducts  of  11  healthy  volunteers  and  of  10  chronic  alcoholics  without  detectable 
pancreatic  disease.   In  chronic  alcoholics  there  is  an  apparent  increase  in 
acid  hydrolase  activity  attributable  to  increased  synthesis  or  increased 
release  of  these  proteins  from  the  pancreas. 

Endoscopic  retrograde  cannulation  of  the  pancreatic  duct  (ERCP)  is  being 
used  to  collect  pancreatic  fluid  in  non-cancer  patients,  and  profiles  of  the 
normal  secretory  proteins  have  been  established.   Pancreatic  fluid  collected 
at  the  time  of  endoscopy  in  patients  with  adenocarcinoma  is  being  analyzed  for 
aberrations  in  the  composition  of  secretory  proteins.   Two-dimensional  iso- 
electric focusing  with  SDS  gel  electrophoresis  now  provides  a  method  to 
closely  examine  human  pancreatic  secretory  proteins.   Such  studies  are 
extending  observations  of  the  ratios  of  secretory  proteins  as  markers  of 
pancreatic  cancer  and  can  be  expected  to  shed  light  on  the  role  of  these 
potential  hydrolases  in  the  development  of  pancreatic  adenocarcinoma. 

The  presence  of  aryl  hydrocarbon  hydroxylase  in  bovine  pancreatic  ducts 
and  the  inducibility  of  this  enzyme  by  polycyclic  aromatic  hydrocarbons  in 
vitro  have  been  demonstrated.   A  method  has  been  developed  for  the  use  of 
bovine  pancreatic  ductal  explants  in  studies  of  chemical  carcinogenesis. 
Selected  plasma  membrane  enzymes  in  the  bovine  main  pancreatic  duct  have  been 
measured  and  compared  with  the  same  enzymes  in  bovine  acinar  preparations. 
All  enzymes  studied  demonstrated  higher  levels  in  the  duct  per  milligram  of 
protein  than  in  the  acinus. 

National  Prostatic  Cancer  Project  (NPCP).   The  NPCP  is  continuing 
multifaceted  etiology/prevention  studies  designed  to  determine  the  factors 
that  place  an  individual  at  risk  of  prostate  cancer  and  to  discover  how  to 
prevent  or  delay  the  onset  of  the  disease. 
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To  this  end,  environmental,  hormonal,  and  dietary  factors  are  being  ana- 
lyzed to  identify  etiological  factors  related  to  prostate  cancer  in  the  high- 
risk  American  Black  population.   Genetic  and  endocrine  risk  factors  are  also 
under  investigation  in  a  case-controlled  study  of  high-risk  Mormons  whose 
genealogy  can  be  traced  to  early  pioneer  days.   A  new  epidemiological  study  in 
progress  at  the  University  of  Hawaii  is  comparing  cases  of  prostatic  cancer 
and  controls  for  selected  dietary  components.   This  study  includes  quantita- 
tive dietary  histories  from  which  nutrient  intakes  can  be  assessed.   Comple- 
menting these  investigations  are  animal  studies  focusing  on  controlled  dietary 
analyses  in  search  of  causes  and  preventive  measures  related  to  prostate 
cancer. 

Animal  models  for  studying  prostate  cancer  have  been  developed  by  NPCP 
investigators.   The  use  of  these  models  in  furthering  our  understanding  of 
basic  mechanisms  involved  with  prostate  cancer  and  metastasis  has  led  to  some 
important  findings.   For  example,  investigations  of  several  distinct  sublines 
developed  from  the  original  Dunning  rat  prostatic  R-3327-H  tumor  suggest  that 
acquisition  of  some  characteristics  by  the  tumors  represents  a  process  of 
tumor  progression  into  fully  developed  malignancies.   Comparison  of  chromo- 
somal changes  and  characteristics  observed  in  the  tumors  suggest  that  the 
growth  rate,  dedif ferentiation,  and  attainment  of  metastatic  ability  were 
related  to  chromosome  variation.   These  results  point  to  the  importance  of 
chromosome  changes  in  the  early  development  of  tumors.   Studies  of  defined 
human  populations  that  have  clearly  shown  a  familial  association  with 
prostatic  cancer  further  suggest  genetic  involvement. 

Other  investigators  have  made  discoveries  in  animal  prostate  that  may 
lead  ultimately  to  further  understanding  of  and  applications  to  the  normal 
human  prostate  and  the  disease.   Alpha-protein  has  been  identified  as  a 
nonreceptor  steroid-binding  protein  in  the  rat  ventral  prostate  that  could,  in 
vitro,  inhibit  the  association  of  an  androgen-receptor  complex  with  nuclear 
chromatin.   This  protein  is  a  major  secretory  protein  in  the  prostate  that  can 
be  used  as  an  excellent  specific  marker  for  rat  prostate  and  that  may  have 
ultimate  application  to  humans.   Progress  has  been  reported  in  the  use  of 
established  in  vitro  human  prostatic  adenocarcinoma  cells  as  a  new  model  in 
nude  mice  for  studies  on  the  etiology,  biology,  detection,  and  therapy  of 
human  prostatic  neoplasia.   This  valuable  model  closely  resembles  human 
prostate  cancer. 


International  Activities 

Internationally,  collaborative  research  efforts  under  bilateral  agree- 
ments include  studies  of  cancer  epidemiology,  chemical  and  viral  carcino- 
genesis, genetics,  and  other  physical  and  biological  factors  associated  with 
or  related  to  the  etiology  of  cancers.   An  American-Egyptian  study  indicated 
that  urine  cytology  is  an  effective  screening  method  for  early  detection  of 
bladder  cancer  in  a  rural  Egyptian  community  where  schistosomiasis  is  endemic. 
Farmers  are  at  the  highest  risk  for  schistosomal  infestation.   Nonfarming 
villagers  living  in  the  same  rural  community  get  milder  forms  of  infestation, 
often  related  to  accidental  contact  during  swimming  or  washing.   The  yield  of 
screening  was  11  cases  of  histologically  confirmed  carcinomas  among  8,744 
individuals  screened  in  the  high-risk  group.   No  cases  were  detected  among  two 
low-risk  control  groups.   This  schistosomal  infestation  is  considered  to  be 
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epidemiological  evidence  of  the  relationship  between  schistosomiasis  and 
urinary  bladder  cancer. 

An  American  biochemist/nutritionist  is  pursuing  collaborative  research 
toward  the  evaluation  of  dietary  selenium  and  its  alleged  role  in  animal 
(experimentally  induced)  and  human  carcinogenesis,  based  on  information 
acquired  during  a  visit  to  China  under  the  U. S. -People 's  Republic  of  China 
Bilateral  Agreement.   This  research  stems  from  an  opportunity  to  observe  the 
Chinese  effort  related  to  Keshan  Disease,  a  cardiomyopathy  prevalent  in 
children  and  endemic  to  areas  where  soil  selenium  is  extraordinarily  low,  such 
as  Xichang  in  Sichuan  Province. 

An  interdisciplinary  workshop  on  "Adult  T  Cell  Leukemia  and  Ljanphoma: 
The  Role  of  a  Human  Retrovirus"  was  convened  under  the  U.S. -Japan  Cooperative 
Cancer  Research  Program.   The  American  and  Japanese  scientists  independently 
investigated  the  viral  etiology  of  T  cell  leukemia  and  reported  that  viruses 
had  been  isolated  and  characterized  as  retroviruses.   The  American  human  T 
cell  leukemia  virus  (HTLV)  and  the  Japanese  adult  T  cell  leukemia  virus  (ATLV) 
appear  identical.   HTLV  appears  closely  associated  with  the  highly  malignant 
type  of  leukemia  of  mature  T  lymphocytes  that  has  been  classified  as  ATL  in 
Japan.   Although  the  disease  associated  with  this  virus  is  clustered  in 
southern  Japan  and  in  the  Caribbean,  both  disease  and  agent  have  been  found 
in  other  parts  of  the  world. 

Planned  Activities 


Chemical  and  Physical  Carcinogenesis 

Established  similarities  between  the  actions  of  chemical  carcinogens  in 
experimental  animals  and  in  people  are  largely  represented  by  the  qualitative 
finding  that  nearly  all  of  the  chemical  substances  identified  as  carcinogenic 
in  humans  are  also  carcinogenic  in  one  or  more  species  of  experimental 
animals.   The  metabolism  of  chemical  carcinogens  in  human  tissues  appears 
qualitatively  similar  to  that  observed  in  studies  of  tissues  from  experimental 
animals;  however,  more  data  are  needed  to  support  this  finding.   Additional 
research  is  necessary  to  achieve  even  a  moderate  level  of  confidence  in  the 
extrapolation  to  humans  of  experimental  animal  data  on  carcinogenesis. 
Information  to  provide  insight  into  ways  carcinogen  action  can  be  reversed  or 
prevented  is  also  required.   Examples  follow  of  planned  research  in  these 
areas . 

There  will  be  continued  emphasis  on  intraspecies  and  interspecies  vari- 
ability in  an  attempt  to  elucidate  the  causes  of  species-dependent  response  to 
carcinogen  exposure.   Such  studies  will  be  carried  out  primarily  with  in  vitro 
systems  and  will  focus  on  the  stepwise  progression  of  changes  associated  with 
malignant  transformation.   Comparative  studies  will  be  supported  in  such  areas 
as  carcinogen  metabolism,  pharmacokinetics,  adduct  formation,  and  lesion  repair. 

Much  research  in  the  coming  year  will  address  better  understanding  of 
pathways  of  carcinogenic  polycyclic  hydrocarbon  metabolism  to  either  detoxi- 
fied forms  or  to  more  active  carcinogenic  metabolites.   This  research  will 
include  studying  the  functions  of  microsomal  cytochrome  P-450  mixed-function 


115 


oxidases,  epoxide  hydratases,  and  conjugating  enzymes  in  these  pathways. 
Researchers  will  also  investigate  the  effects  of  environmental  agents  (drugs, 
pesticides,  carcinogens)  and  endogenous  influences  (hormonal  or  nutritional 
state,  age,  sex,  genetic  make-up)  on  the  level  and  activity  of  these  enzymes. 
Monoclonal  antibodies  will  be  used  to  study  the  genetics  and  gene  regulation 
of  carcinogen-metabolizing  enzjrmes  in  humans. 

The  precise  chemical  nature  of  metabolites  (diols,  dihydrodiols ,  diol- 
epoxides)  of  carcinogenic  polycyclic  aromatic  hydrocarbons  will  be  determined. 
Attempts  will  be  expanded  to  correlate  the  structure  of  these  various  metabo- 
lites and  the  pathways  of  metabolism  with  the  carcinogenicity  of  each  hydro- 
carbon and  its  metabolites.   These  data  will  provide  insight  into  the  molecular 
mechanisms  of  carcinogenesis  as  well  as  lead  to  possible  preventive  measures. 

Because  N-nitroso  compounds  (nitrosamines)  are  suspected  of  being  car- 
cinogens in  humans,  efforts  will  be  expanded  to  explore  their  carcinogenic 
activity,  formation,  and  metabolism  and  to  develop  and  refine  analytical 
methods  to  detect  and  identify  them.   Particular  emphasis  will  be  placed  on 
the  in  vivo  formation  of  nitrosamines,  their  metabolic  fate,  their  reaction 
with  target  cell  constituents,  and  their  possible  involvement  in  tumor 
development  in  humans.   This  research  will  also  stress  the  function  of 
nitrites  (both  those  occurring  naturally  and  those  used  as  food  additives)  in 
the  formation  of  N-nitroso  compounds. 

Additional  emphasis  will  be  placed  on  studies  at  the  cellular  level 
to  determine  how  normal  cells  are  transformed  into  cells  with  neoplastic 
properties  and  how  this  process  can  be  reversed  or  prevented.   Several 
examples  of  these  efforts  follow. 

Studies  will  be  expanded  to  further  characterize  carcinogen-macromolecule 
interactions  in  order  to  understand  the  mechanism  of  action  of  carcinogen- 
induced  damage.   In  particular,  the  role  of  Z-DNA  in  these  carcinogen-DNA 
interactions  and  its  proposed  role  in  gene  regulation  need  to  be  examined.   In 
other  studies,  tissues  from  individuals  in  various  occupational  groups, 
smokers,  and  lung  cancer  patients  will  be  analyzed  for  the  presence  of 
carcinogen  bound  to  DNA  by  immunological  probes  developed  at  NCI.   Patients 
receiving  antitumor  agents,  some  of  which  are  carcinogens  in  animals,  will 
also  be  monitored  by  this  technique. 

Since  most  carcinogens  inflict  a  spectrum  of  DNA  damage,  such  as  the 
alkylation  or  cross-linking  of  bases,  efforts  will  be  made  to  identify 
critical  lesions  that  can  lead  to  neoplasia  and  to  identify  the  DNA  repair 
pathways  involved.   Particular  interest  will  be  focused  on  a  protein  that  is 
capable  of  demethylating  alkylated  guanine  bases  in  DNA  without  removing  the 
base  from  the  DNA  helix.   New  evidence  suggests  that  there  is  more  demethylase 
activity  in  human  cells  than  in  rodent  cells.   Other  studies  will  examine  the 
nature  of  DNA  damage  produced  by  carcinogens,  the  mechanisms  of  DNA  repair, 
and  the  effects  of  carcinogens  on  other  large  biological  molecules  (such  as 
those  in  cell  membranes  and  cell  proteins).   DNA  repair  enzymes  will  be 
further  identified  in  human  cells,  and  the  genes  for  these  enzymes  will  be 
cloned  by  means  of  novel  approaches  in  molecular  biology. 

As  part  of  a  broader  effort  to  identify  genetic  factors  controlling  cell 
transformation,  research  will  concentrate  on  characterizing  defects  in  DNA 
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repair  and  other  defects  in  cells  from  humans  with  cancer-prone  genetic 
diseases  (such  as  xeroderma  pigmentosum,  ataxia  telangiectasia,  and  neuro- 
fibromatosis) frequently  associated  with  cancer.   The  sensitivity  of  these 
cells  to  transformation  by  chemical  agents  and  irradiation  will  be  measured, 
and  similar  defects  will  be  studied  in  mouse-cell  systems.   Molecular  DNA 
probes  and  restriction  enzymes  will  be  used  to  study  gene  poljraiorphism  in  DNA 
samples  from  humans,  including  families  of  lung  cancer  patients.   A  study  of 
the  relationship  of  DNA  repair  and  human  cancer  in  tumor  cells  and  cells  from 
cancer-prone  individuals  will  elucidate  the  clinical,  cellular,  and  molecular 
bases  of  these  diseases  and  will  provide  strategies  for  prevention. 

Attempts  to  characterize  the  various  growth  and  functional  properties  of 
initiated  cells,  preneoplastic  cells,  and  fully  transformed  cells  and  to 
identify  biochemical  and  molecular  markers  for  distinguishing  these  altered 
cell  types  from  normal  cells  are  being  expanded.   These  studies  are  of 
interest  in  efforts  to  develop  new  approaches  to  the  early  detection  of 
cancer. 

Research  on  mechanisms  for  both  spontaneous  and  carcinogen- induced 
malignant  transformation  of  cultured  human  cells  is  in  progress.   Development 
of  optimum  procedures  for  culturing  epithelial  cells  from  various  human  and 
animal  tissues,  including  pleural  mesothelium,  bronchus  and  esophagus  tissues, 
will  continue;  the  effects  of  chemical  carcinogens  (such  as  metals  and 
asbestos  fibers)  and  cocarcinogens  (such  as  those  in  cigarette  smoke)  on  these 
cells  are  being  evaluated.   The  effects  of  these  carcinogens  on  membrane 
structure  and  function  and  the  hypothesis  that  their  effects  are  mediated  by 
superoxides  will  be  investigated.   Two  facts  demonstrate  the  importance  of 
such  studies:   First,  the  majority  of  human  cancers  originate  from  epithelial 
cells;  second,  studies  of  cultured  cells  can  be  carried  out  under  carefully 
controlled  conditions  impossible  to  achieve  in  the  whole  animal. 

Efforts  will  be  increased  to  define  factors  that  modulate  the  transforma- 
tion process  leading  to  malignancy.   Researchers  will  use  a  cellular  approach 
to  determine  the  mechanisms  of  action  of  extrinsic  factors  (such  as  naturally 
occurring  substances  that  can  be  identified  as  promoters)  that  increase  malig- 
nant transformation,  as  well  as  those  of  host  factors  (such  as  genetic  and 
immunological  characteristics)  that  influence  susceptibility  to  carcinogenic 
agents . 

The  roles  of  phorbol  diesters  and  other  tumor  promoters,  hormones,  and 
other  cofactors  in  human  cancer  causation  will  be  assessed.   Experimental 
tumor  promotion,  originally  demonstrated  in  mouse  skin,  will  be  tested  in 
animal  cell  and  organ  cultures.   In  addition,  cultured  human  bronchial 
epithelial  cells  will  be  used  to  investigate  the  pleiotrophic  effects  of  tumor 
promoters.   It  has  been  postulated  that  the  phenomenon  of  tumor  promotion  may 
also  apply  to  humans  and  may  be  an  important  factor  in  the  occurrence  of 
cancer  in  humans.   So  far,  most  tumor  promotion  research  has  been  based  on  the 
use  of  highly  reactive  phorbol  esters,  which  are  not  ordinarily  regarded  as  a 
component  of  the  human  environment.   Therefore,  future  studies  will  focus  on 
nonphorbol  tumor  promoters  and  their  mechanisms  of  action. 

Studies  of  the  isolation  and  characterization  of  cell-surface  receptors 
for  tumor  promoters  will  be  performed,  and  endogenous  compounds,  such  as 
hormones,  that  activate  the  receptor  for  tumor  promoters  will  be  identified. 
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If  such  endogenous  compounds,  which  may  act  as  natural  tumor  promoters,  are 
defined,  it  may  be  possible  to  develop  chemicals  that  interfere  with  their 
action. 

Although  the  genes  responsible  for  virus-induced  carcinogenesis  have  been 
isolated  and  studied,  little  is  known  about  genes  involved  in  chemical  carci- 
nogenesis.  The  mechanism(s)  by  which  chemical  carcinogens  alter  gene  expres- 
sion during  oncogenesis  will  be  studied,  and  altered  expression  in  these  genes 
during  early  stages  of  carcinogenesis  will  be  further  characterized.   Such 
studies  may  provide  important  new  leads  for  developing  methods  to  prevent  or 
reverse  the  early  stages  of  the  carcinogenic  process. 

Reducing  or  eliminating  human  exposure  to  carcinogens,  cocarcinogens , 
initiators,  and  promoters  may  not  always  be  possible.   An  alternative  approach 
to  cancer  prevention  involves  developing  inhibitors  of  carcinogenesis.   During 
the  coming  year,  increased  emphasis  will  be  placed  on  the  identification, 
isolation,  and  characterization  of  new  inhibitors.   Analogues  of  known  inhibi- 
tors will  be  synthesized  and  evaluated  in  an  attempt  to  identify  materials 
having  adequate  levels  of  efficacy  and  reduced  toxicity;  efforts  will  be  made 
to  elucidate  the  mechanism  of  action  of  active  compounds. 


Environmental  Carcinogenesis  Research  and  Epidemiology 

The  projects  described  below  will  be  emphasized  or  expanded  in  the  coming 
year. 

Collection  and  analysis  of  data  on  the  demographic  patterns  of  cancer 
incidence  and  mortality  will  be  continued  in  a  systematic  search  for  clues  to 
cancer  etiology.   An  additional  SEER  registry  covering  a  sizable  population  of 
Blacks  and  Hispanics  will  be  added  to  the  program  to  augment  current  coverage 
of  these  two  minorities. 

Case-control  studies  of  selected  cancers  will  be  pursued  vigorously,  both 
when  high-risk  communities  are  identified  on  the  cancer  maps  and  when  testable 
hypotheses  and  special  resources  become  available.   Whenever  appropriate,  the 
studies  will  involve  collaboration  among  Federal  and  State  agencies,  SEER  regis- 
tries and  cancer  centers,  military  hospitals,  and  other  record-linkage  systems. 

Occupational  studies  are  a  valuable  means  of  identifying  chemical  and 
physical  carcinogens.   Surveys  will  be  expanded  of  populations  exposed  to 
specific  occupational  hazards  or  suspected  carcinogens.   A  major  effort  will 
be  the  evaluation  of  health  risks  associated  with  exposure  to  pesticides, 
formaldehyde,  and  other  agents  implicated  as  possible  human  carcinogens  by 
laboratory  or  epidemiologic  studies.   A  special  effort  will  be  made  to  expand 
research  on  occupat ionally  related  cancer  among  minority  groups. 

Leads  to  cancer  etiology  are  occasionally  so  important  to  public  health 
that  they  warrant  rapid  evaluation.   The  suggestion  arising  from  experimental 
and  epidemiological  investigation  that  the  use  of  saccharin  increases  the  risk 
of  bladder  cancer,  the  observation  in  Sweden  of  sharply  elevated  risks  of 
soft-tissue  sarcomas  and  lymphoprol iterative  disorders  attributable  to  certain 
widely  used  herbicides,  and  the  concern  over  the  reported  cancer  hazard 
resulting  from  fluoridating  and  chlorinating  drinking  water  are  issues  that 
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have  arisen  within  the  past  few  years  and  require  quick  resolution.   Capabil- 
ities within  NCI  to  rapidly  address  these  issues  of  national  visibility  and 
importance  will  be  enhanced. 

Drug  studies  will  be  expanded  to  evaluate  the  effects  of  estrogenic 
compounds,  immunosuppressive  and  cytotoxic  agents,  and  other  agents  suspected 
of  having  carcinogenic  activity.   Patients  who  have  participated  in  NCI- 
sponsored  clinical  chemotherapy  trials  will  continue  to  be  monitored  for 
second  primary  cancers  to  document  the  carcinogenic  potential  of  such  drugs. 
Collaborative  projects  include  a  case-control  study  to  evaluate  the  risk  of 
endometrial  cancer  following  estrogen  treatment  for  breast  cancer. 

More  emphasis  will  be  placed  on  radiation  studies  to  clarify  the  effects 
of  low-level  exposures  and  the  shape  of  the  dose/response  curve.   Among  these 
studies  are  an  investigation  of  second  cancers  following  therapeutic  irradia- 
tion for  cervical  cancer  and  a  study  of  cancer  following  radioactive  iodine 
therapy  for  hyperthyroidism  (in  collaboration  with  the  Bureau  of  Radiological 
Health,  FDA).   Studies  will  also  be  conducted  of  cancer  following  multiple 
chest  fluoroscopies,  leukemia  associated  with  diagnostic  x-rays,  and  cancer 
among  x-ray  technologists.   Several  new  studies  will  be  initiated  involving 
laboratory  animals  (rodents  and  dogs)  and  mammalian  cells  in  culture.   A 
program  of  collaborative  epidemiological  research  with  the  Radiation  Effects 
Research  Foundation  in  Hiroshima,  Japan,  will  continue  to  build  on  that 
organization's  unique  mortality  followup  of  a  large,  defined  sample  of 
survivors  of  the  atomic  bomb  explosion.   Cancer  sites  for  which  a  radiation 
dose  relationship  has  been  established  from  the  atomic  bomb  survivor  material 
or  from  other  data  are  under  investigation  in  greater  detail  through  more 
refined  case  finding — for  example,  at  the  level  of  incidence — by  detailed 
pathologic  and  laboratory  review  and  by  interviews  of  living  patients  or  their 
next  of  kin  and  of  matched  controls, 

A  study  will  be  conducted  to  determine  whether  the  incidence  rate  of 
colon  cancer  among  Puerto  Ricans  in  New  York  City  remains  as  low  as  the  rate 
in  Puerto  Rico,  as  suggested  by  an  earlier  mortality  study.   Since  this 
finding  is  contrary  to  the  results  of  most  migrant  studies,  an  analytic  study 
will  be  initiated  to  investigate  this  phenomenon  if  confirmed. 

Risk  factors  related  to  lung  cancer  (such  as  tobacco  use  and  occupational 
exposures);  breast  cancer  (including  hormonal,  familial,  and  nutritional 
aspects);  bladder  cancer  (such  as  artificial  sweeteners);  colorectal  cancer 
(diet);  and  skin  cancer  will  continue  to  receive  special  attention.   Some 
examples  of  broader  epidemiology  projects  on  cancer  incidence  follow. 

Evaluation  will  continue  of  the  possible  carcinogenic  effects  of  environ- 
mental pollutants  such  as  water  contaminants,  agricultural  chemicals,  and  air 
pollutants.   Although  air  pollutants  are  often  indicated  as  part  of  the 
carcinogenic  burden  leading  to  cancer  in  individuals,  it  has  been  difficult  to 
pinpoint  any  one  constituent  specifically.   In  addition,  relatively  little  or 
no  attention  has  been  paid  to  possible  combinations  of  air  pollutants.   There 
are  indications  that  this  area  deserves  more  effort.   Animal  experiments  have 
determined  that  nitrogen  oxides  given  by  inhalation  combine  with  certain 
secondary  amines  to  produce  nitrosamines ,  which  often  are  organospecif ic 
carcinogens.   Laboratory  experiments  have  shown  that  tobacco  smoke  in  humans 
along  with  ingestion  of  ethanol  leads  to  formation  of  ethyl  nitrite.   This 
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mutagenic  compound  was  not  found  with  smoking  alone  or  with  drinking  ethanol 
alone . 

Cooperation  will  be  maintained  with  regulatory  agencies  in  studying 
specific  suspected  environmental  hazards  and  in  developing  systems  (through 
mathematical  models)  for  risk  estimation  and  extrapolation. 

Studies  of  individual  susceptibility  to  cancer  because  of  genetic  or 
familial  predisposition  will  be  expanded,  based  on  clinical  and  laboratory 
leads.   In  particular,  the  biochemical  basis  of  host  defects  in  repair  of 
gamma  and  ultraviolet  radiation  will  be  explored.   In  cases  in  which 
identifiable  premalignant  or  high-risk  correlates  are  defined,  educational 
material  will  be  disseminated  to  assist  in  cancer  prevention. 

Multidisciplinary  projects  combining  epidemiological  and  experimental 
approaches  will  be  used  to  identify  candidate  viruses,  dietary  and  metabolic 
influences,  genetic  susceptibility,  and  other  causative  factors  that  continue 
to  elude  detection  by  traditional  epidemiological  methods.   Specialized 
registries  relevant  to  genetic  defects,  exposures  to  industrial  and  radiation 
hazards,  and  specific  environmental  contaminants  will  be  used  in  these 
studies . 

Particular  attention  will  be  devoted  to  an  NCI  project  aimed  at  defining 
the  role  of  a  recently  defined  type  C  virus,  HTLV,  in  the  pathogenesis  of 
T  cell  malignancies.   Extensive  seroepidemiological  collaborative  studies  of 
HTLV  have  been  initiated  and  will  be  emphasized  during  the  coming  year.   These 
studies  involve  collaborations  with  investigators  in  several  countries, 
especially  in  the  Caribbean,  South  America,  Japan,  and  China.   The  studies, 
designed  to  determine  the  geographic  distribution  of  HTLV,  have  already 
demonstrated  that  HTLV  is  endemic  in  parts  of  Japan,  the  southeastern  United 
States,  the  Caribbean,  and  South  America. 

Epidemiological  investigations  tend  to  emphasize  more  prevalent  forms  of 
cancer,  such  as  cancers  of  the  lung,  breast,  prostate,  colon-rectum,  stomach, 
and  bladder.   However,  studies  of  less  common  tumors  could  provide  additional 
clues  to  association  and  could  generate  etiologic  hypotheses.   Therefore, 
research  is  planned  to  examine  less-investigated  tumors — thyroid  carcinoma, 
soft-tissue  sarcoma,  salivary  gland  tumors,  adenocarcinoma  and  adenosquamous 
cancer  of  the  cervix,  cancer  of  the  penis,  chronic  myelogenous  leukemia,  adult 
bone  and  joint  cancers  (osteosarcoma,  fibrosarcoma),  male  breast  cancer, 
Kaposi's  sarcoma,  tumors  of  the  small  bowel,  multiple  myeloma,  and  acute 
lymphocytic  leukemia  in  adults. 

Nutrition.   Neoplastic  changes  have  been  prevented  or  inhibited  in  the 
laboratory  by  various  dietary  factors,  including  retinoids;  antioxidants  such 
as  vitamin  C  and  butylated  hydroxyanisole  (BHA);  and  naturally  occurring  con- 
stituents of  edible  cruciferous  plants  (such  as  broccoli,  Brussels  sprouts, 
and  cabbage).   In-depth  studies  of  these  agents  will  continue  during  the 
coming  year. 

The  United  States  cancer  maps  showed  clearly  that  colorectal  cancer  mortal- 
ity rates  for  white  men  and  women  were  lower  in  the  South,  by  about  50  percent, 
than  in  the  Northeast  or  North  Central  States.   This  regional  gradient  in  risk 
could  not  be  explained  by  differences  in  income  or  population  density.   A 
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close  examination  of  the  age-specific  cancer  mortality  rates  in  those  counties 
in  Florida  to  which  northerners  move  at  retirement  revealed  that,  despite  the 
large  number  of  northerners  in  these  counties,  mortality  rates  for  colorectal 
cancer  were  as  low  as  the  rates  in  other  southern  counties.   Even  at  the  older 
ages  after  retirement,  these  rates  did  not  seem  to  rise  toward  northern  rates. 
A  case-control  study  is  being  conducted  to  define  the  characteristics  of  and 
to  quantify  this  reduction  in  risk.   One  hypothesis  is  that  this  reduction  may 
be  attributable  to  the  fact  that  these  migrants  are  a  self-selected,  especial- 
ly healthy  subset  of  northerners.   If  this  is  not  the  explanation,  a  second 
study  will  be  developed  to  identify  the  attributes  of  the  southern  environment 
or  lifestyle  that  are  involved  in  reducing  cancer  risk.   Increased  consumption 
of  fruits,  vegetables,  or  vitamins  A  and  C,  or  the  quality  of  the  drinking 
water  could  be  involved. 

The  first  Health  and  Nutrition  Examination  Study  (HANES  I)  was  con- 
ducted in  1971  to  1974  by  the  National  Center  for  Health  Statistics.   A 
national  sample  of  the  U.S.  population  (approximately  23,000  people)  was 
used.   Information  gathered  through  the  HANES  project  will  be  used  to 
assess  specific  cancer-related  hypotheses.   One  such  hypothesis  is  that 
the  North-South  difference  in  colorectal  cancer  mortality  can  be  attributed 
to  regional  differences  in  vitamin  A  or  vitamin  C  intake.   A  second  testable 
hypothesis  concerns  the  recent  finding  of  several  prospective  studies  that 
low  serum  vitamin  A  is  associated  with  risk  of  cancer. 

International  comparisons  have  shown  that  age  at  menarche  is  inversely 
correlated  with  the  risk  of  breast  cancer.   Age  at  menarche  may  well  be  an 
indicator  of  the  dietary  patterns  that  promote  the  disease.   HANES  I  data  will 
be  used  to  identify  the  food  groups  and  macronutrients  most  predictive  of  the 
age  of  menarche. 

Smoking  and  Health.  Although  many  projects  in  the  Smoking  and  Health 
Program  have  been  completed,  there  are  some  areas  in  which  further  work  is 
needed . 

In  the  inhalation  bioassay  category,  studies  will  be  completed  of  the 
effects  of  high  tar/high  nicotine  versus  low  tar/low  nicotine  on  the  respira- 
tory and  cardiovascular  systems  in  the  beagle  animal  model.   These  studies 
will  be  the  last  of  l:he  series  of  inhalation  bioassays  designed  to  determine 
the  relevance  of  cigarette  smoke  and  nicotine  to  smoking-related  diseases  and 
lung  cancer.   Pathological  examinations  and  analyses  of  histological  specimens 
from  predetermined  multiple  sites  within  the  tracheal  bronchial  tree  of  each 
beagle  were  completed  in  1982. 

Epidemiological  studies  on  lung  cancer  and  cigarette  smoking  covering 
selected  cities  in  the  United  States  will  be  completed  and  evaluated.   Similar 
studies  covering  six  cities  in  five  European  countries  and  Cuba,  and  a  related 
Cuban  study  in  Miami,  Florida,  have  already  been  completed  and  are  being 
evaluated.   The  vast  amount  of  data  about  smoking  habits  and  type  of  cigarette 
smoked,  along  with  a  broad  medical  data  base,  is  expected  to  be  sufficient  to 
relate  tobacco/cigarette  characteristics  to  smoking  habits  and  to  disease 
incidence . 

Identification  will  continue  of  individuals  at  risk  of  developing 
tobacco-related  disease.   An  ongoing  prospective  epidemiologic  study  will  be 
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a  valuable  mechanism  for  profiling  characteristics  that  may  contribute  to 
susceptibility  (or  resistance)  to  smoking-related  illness.   Animal  studies 
investigating  alterations  in  body  fluids  associated  with  disease  and  tobacco 
use  may  assist  in  identifying  smokers  at  unusually  high  risk  of  tobacco- 
related  diseases. 

Studies  will  be  initiated  to  determine  the  exact  contribution  of  nico- 
tine, including  the  identification  of  its  metabolic  and  pyrolytic  products, 
to  smoking-related  diseases.   Nicotine  has  been  shown  to  be  the  only  con- 
trolled variable  in  tar  that  is  consistently  related  to  the  rate  of  tumor 
incidence  in  test  animals.   However,  in  other  studies,  nicotine  itself  proved 
not  to  be  a  carcinogen.   The  relationship  between  carcinogenic  activity  of 
smoke  condensates  and  their  nicotine  content  may  be  explained  in  part  by  the 
conversion  of  nicotine  to  tobacco-specific  nitrosamines  or  to  the  co- 
occurrence of  nicotine  and  some  other  unidentified  carcinogen.   Tobacco 
products  made  from  the  lamina  of  plants  grown  on  high  levels  of  nitrate 
fertilizer  contain  more  nicotine  and  show  higher  levels  of  volatile 
nitrosamines  following  combustion. 

As  the  tar  and  nicotine  levels  of  cigarettes  are  reduced,  smokers  may 
alter  their  smoking  behavior  in  an  unconscious  attempt  to  extract  more  of  the 
pharmacologically  active  materials  in  the  smoke.   It  is  therefore  possible 
that  in  addition  to  nicotine,  the  smoker  may  increase  the  intake  of  other 
constituents  such  as  carbon  monoxide,  nitrogen  oxides,  and  hydrogen  cyanide. 
Earlier  studies  have  counted  numbers  of  cigarettes  smoked  per  day,  or  lengths 
of  cigarettes  smoked,  but  have  recorded  no  data  regarding  actual  intake  of 
smoke  constituents  by  the  smoker.   Planned  studies  will  produce  data  about 
amounts  of  specific  materials  extracted  by  smokers' who  inhale  and  exhale 
quickly,  puff  and  hold  their  breath,  etc. 

A  low-tar/low-nicotine  reference  cigarette  will  be  developed.   The 
Surgeon  General's  Report  (1980)  indicated  that  one  of  the  chief  research 
needs  is  the  study  of  reduced  "tar"  and  nicotine  cigarettes  by  routine  and 
frequent  surveillance  of  current  and  new  cigarettes  for  specific  chemical 
constituents  and  biological  activity.   Groups  of  chemical  constituents  to 
be  followed  were  cited,  along  with  suggested  bioassays.   Such  studies  require 
a  reference  cigarette  for  use  in  a  variety  of  tests. 

In  addition  to  the  above  areas,  shifts  in  tobacco  use  patterns  (e.g., 
the  increased  use  of  smokeless  tobacco),  initiation  of  nontobacco  smoking 
behaviors,  and  consideration  of  tobacco  usage  among  the  occupationally 
exposed  worker  have  increased  the  need  to  study  additional  prevalence  and 
prevention-cessation  issues. 

Finally,  it  is  important  to  investigate  the  rapidly  increasing  use 
of  smokeless  tobacco  and  nontobacco  smoking  use  in  the  general  population 
with  special  attention  to  adolescents,  for  whom  recruitment  to  regular  tobacco 
use  is  potentially  increased  by  such  exposure  and  experimentation. 

Biological  Carcinogenesis 

Many  of  the  projects  described  under  Current  Research  will  continue. 
However,  additional  attention  will  be  given  to  defining  the  interaction 
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between  viruses  and  cells  in  both  animal  and  human  cancers,  to  identify- 
ing virus  products  that  may  trigger  the  transformation  of  a  cell  to 
malignancy,  and  to  understanding  immune  mechanisms  that  ultimately  may 
prevent  cancer. 

Results  of  research  over  the  past  several  years  suggest  that  spontaneous 
and  chemically  induced  cancers  in  animal  model  systems  can  be  prevented  by 
active  or  passive  immunization  with  preparations  specific  to  tumor  cell 
antigens  held  in  common  by  various  neoplasms  of  a  given  species.   Efforts  will 
be  made  to  determine  which  endogenous  viral  gene  products  might  be  the  most 
effective  immunogens ,  with  tumor  prevention  as  the  ultimate  aim. 

Other  planned  activities  will  include  elucidation  of  the  role  of  cellular 
oncogenes  in  human  neoplasia.   Studies  will  focus  on  determining  whether  human 
homologues  of  the  viral  oncogenes  have  transforming  activity  and  whether  this 
activity  is  expressed  in  human  tumors.   There  is  some  evidence  that  in 
specific  human  neoplasias,  a  specific  family  of  viral  oncogenes  is  expressed. 
Understanding  how  these  oncogenes  function  in  normal  cellular  metabolism,  much 
less  in  the  transformed  cell,  is  not  a  trivial  problem,  especially  when  it  is 
impossible  to  study  the  normal  levels  of  expression  of  these  genes  in  humans. 
There  is  likely  to  be  a  correlation  between  the  expression  of  specific  onco- 
genes and  specific  tumor  lineages,  and  the  reagents  that  have  been  developed 
for  detecting  the  expression  of  these  genes  will  probably  be  useful  in  clin- 
ical diagnostic  procedures.   Ultimately,  when  it  is  learned  what  alterations 
lead  to  expression  of  these  genes,  it  may  be  possible  to  control  or  prevent 
disease  caused  by  the  genes. 

One  of  the  most  promising  developments  in  the  field  has  been  the  gene 
transfection  assay,  which  allows  identification  of  dominant  transforming 
genes  in  a  variety  of  tumors,  including  human  tumors.   There  is  some  indi- 
cation that  different  tumor  isolates  express  or  have  the  same  dominant 
transforming  gene  that  is  responsible  for  the  expression  of  the  neoplastic 
phenotype.   It  is  important  that  a  number  of  independent  isolates  of  these 
genes  be  made  from  individual  tumors  and  tumor  cell  lines  and  that  the 
different  isolates  be  compared  to  see  whether  the  defects  in  the  cellular 
oncogenes  have  common  properties.   There  will  be  a  need  to  develop  more 
sensitive  assays  for  detecting  transforming  genes  and  a  need  to  improve 
the  technology  to  increase  the  speed  at  which  they  can  be  isolated.   It 
has  recently  been  shown  that  these  dominant  transforming  genes  will  produce 
tumors  in  mice,  and  the  mouse  tumor  might  serve  as  a  vehicle  for  developing 
therapy  protocols. 

Studies  of  the  nature  and  mechanism  of  action  of  DNA  viruses  known  to  be 
associated  with  human  cancer  will  continue.   For  example,  efforts  will  be 
directed  toward  developing  markers  clinically  useful  for  rapid  detection, 
diagnosis,  and  prognosis  of  herpes  simplex  virus  (HSV)  infections,  which  may 
be  associated  with  certain  human  cancers. 


Chemoprevention 

Studies  will  be  conducted  to  evaluate  the  toxicological  and  pharmaco- 
logical properties  of  synthetic  retinoids  and  other  substances  with  potential 
for  preventing  cancer  in  humans.   Such  studies  are  an  essential  part  of  the 
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overall  effort  to  develop  safe  and  effective  pharmacological/physiological 
agents  for  preventing  human  cancer — agents  that,  to  be  efficacious,  may 
sometimes  require  chronic  use. 

A  well-characterized  differentiating  human  epithelial  system,  epidermal 
keratinocytes ,  will  be  used  to  investigate  the  basic  mechanisms  of  retinoid 
action  in  control  of  cell  growth  and  differentiation.   Studies  will  include 
an  examination  of  retinoid  modulation  of  keratin  protein  production  and 
glycoprotein  changes,  both  of  which  show  retinoid-induced  changes  in 
differentiation.   Other  studies  will  identify  and  characterize  retinoid- 
binding  protein  and  its  potential  role  in  regulating  keratinocyte  differen- 
tiation, and  the  nature  of  the  interaction  between  retinoids  and  tumor 
promoters . 

In  other  studies,  the  effectiveness  of  a  number  of  chemopreventive  agents 
on  carcinogen- induced  neoplastic  transformation  of  diploid  human  fibroblasts 
and  the  effects  of  retinoids  on  gene  expression  in  mouse  teratocarcinoma  cells 
will  be  determined. 

In  many  cases,  carcinogenesis  is  widely  acknowledged  as  a  multistage 
process  in  which  overt  malignancy  may  take  many  years  to  develop.   This  fact, 
together  with  (1)  experimental  studies,  using  single  agents,  of  the  chemo- 
prevention  of  carcinogenesis  at  various  stages  of  the  process,  and.  (2)  the 
use  of  two  or  more  chemopreventive  agents  showing  additive  or  synergistic 
inhibition  of  carcinogenesis,  supports  the  concept  that  combination  chemo- 
prevention  of  carcinogenesis  can  be  effective. 

Planned  studies  will  evaluate  the  effectiveness  of  two  or  more  known  or 
potential  biological  or  chemopreventive  agents  in  the  inhibition  of  carcino- 
genesis in  animal  systems  and/or  in  the  inhibition  of  transformation  in  cell 
culture.   Mechanism  studies  will  be  conducted,  including  examining  the 
possible  effects  of  modulation  by  diet.   Studies  will  be  encouraged  of  bio- 
logical and/or  chemical  prevention  of  carcinogenesis  in  combination  modalities 
at  any  organ  site. 

Over  the  past  few  years,  there  has  been  considerable  clinical  interest 
in  the  use  of  retinoids  as  preventive  agents  in  persons  at  high  risk  of 
epithelial  cancer.   The  prototype  animal  model  for  this  phenomenon  is  the 
protective  effect  of  13-cis-retinoic  acid  in  preventing  carcinogen- induced 
bladder  cancer  in  the  mouse.   This  example,  together  with  observation  of  other 
vitamins  with  cancer-preventive  activity,  has  stimulated  a  number  of  clinical 
trials  in  high-risk  groups. 

An  initial  series  of  clinical  trials,  strongly  advocated  by  the  gyneco- 
logic community,  is  treating  women  with  moderate  to  severe  cervical  dysplasia, 
a  group  at  high  risk  for  progression  to  in  situ  or  invasive  squamous  carcinoma 
of  the  uterine  cervix.   Topical  retinoic  acid  and  retinyl  acetate  are  being 
used  in  phase  l/ll  chemoprevention  trials.   Future  double-blind,  randomized 
trials  are  planned.   These  projects  are  expected  to  follow  a  large  number  of 
patients  over  many  years.   The  first  year  of  these  projects  involves  the 
formulation  and  pilot  study  of  the  topical  retinoid  preparations.   The  long- 
range  goal  of  this  research  effort  is  to  develop  a  preparation  for  use  by 
women  predisposed  to  cervical  cancer.   In  the  long  run,  such  a  preparation 
should  reduce  the  overall  incidence  of  this  type  of  malignancy. 
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Organ  Site  Program 

Under  the  National  Organ  Site  Program,  cause  and  prevention  research 
will  continue  in  many  of  the  areas  described  in  previous  sections.   The 
following  paragraphs  describe  the  plans  for  each  national  project. 

National  Bladder  Cancer  Project.   The  demonstration  that  carcinogenesis 
of  the  urinary  bladder  is  a  multistep  process  opens  many  potentially  important 
areas  of  research  that  may  lead  to  ways  of  preventing  bladder  cancer.   The 
recent  finding  that  bladder  epithelial  cells  can  be  grown  in  culture  in 
patterns  similar  to  that  of  the  urothelium  offers  the  possibility  of  con- 
ducting some  of  the  carcinogenic  steps  in  vitro.   Some  questions  to  be 
addressed  in  future  studies  are: 


•  What  is  the  relationship  between  an  increased  mitotic  rate  in  the 
urothelium  and  the  process  of  initiation? 

•  How  do  such  markers  as  pleomorphic  microvillae,  papilloma  or  hyper- 
plastic nodules,  localized  changes  in  enzyme  levels,  or  antigenicity 
relate  to  the  initiation  and  promotion  process? 

•  What  concentration  levels  of  active  agents  are  required  for  promotion? 

•  How  does  the  presence  of  a  promoter  modify  the  level  of  initiator 
required  for  tumor  formation? 

•  What  factors  enhance  or  extend  the  step  of  promotion? 

•  What  compounds  will  inhibit  promotion,  and  what  are  the  mechanisms  of 
action  involved? 


Information  is  now  available  relevant  to  the  development  of  assays  on 
chemical  classes  of  bladder  carcinogens,  metabolism  of  these  compounds, 
markers  of  preneoplastic  lesions,  and  phases  of  the  carcinogenic  process. 
Research  objectives  related  to  the  development  of  such  assays  may  include: 

•  Development  of  in  vivo  and  in  vitro  assays  for  bladder  cancer 
initiators  and  promoters 

•  Development  of  a  rapid  test  for  bladder  carcinogenesis,  based  on 
markers  of  preneoplastic  lesions 

•  Further  improvements  to  methods  for  identifying  known  bladder 
carcinogens  and  their  metabolites  in  urine  or  other  body  fluids 

•  Development  of  techniques  for  evaluating  changes  in  cells  and  tissues 
of  the  bladder  produced  by  known  or  suspected  carcinogens. 

New  information  from  laboratory  studies  of  factors  involved  in  bladder 
cancer  etiology  has  increased  the  need  for  epidemiological  studies  of  human 
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populations.   These  investigations  include  case-control  studies  comparing  the 
effects  of  promoters  on  human  populations  having  a  high  or  low  incidence  of 
bladder  cancer. 

The  basic  pattern  of  bladder  cancer  disease(s)  and  variations  in  the 
course  of  the  disease  among  patients  should  be  further  defined.   The  course  of 
the  disease  under  standard  treatment  in  suitably  stratified  populations  of 
patients  must  be  adequately  defined  if  new  diagnostic  procedures  or  treatment 
regimens  are  to  be  accurately  evaluated.   It  will  be  important  to  determine 
whether  the  "seeding"  of  cells  from  the  surface  of  a  tumor  is  involved  in  the 
genesis  of  carcinoma  in  situ  away  from  the  site  of  the  primary  tumor. 

National  Large  Bowel  Cancer  Project.   The  following  activities  will  be 
initiated:   a  serum  bank  as  a  resource  for  standardization  of  immunological 
assays;  methods  for  separating  cells  of  normal  and  cancerous  colon  tissue, 
including  in  vitro  cultivation  of  normal  colon  epithelium  and  passage  of 
colonic  tumor  cells  in  vitro;  a  colon  tumor  model  with  high  specificity  for 
liver  metastasis  and  with  identification  of  the  characteristic  determinants  of 
metastasis;  improved  mutagen  assays  involving  the  isolation  and  identification 
of  the  mutagens;  and  interdisciplinary  studies  of  experimental  models  that 
include  carcinogenic  and  relevant  dietary  factors  with  defined  genetic  and 
immunologic  analyses. 

National  Pancreatic  Cancer  Project.   Animal  tumor  models  are  being  used 
to  determine  the  effects  of  known  or  suspected  carcinogens  and  to  aid  in  the 
detection  of  agents  that  will  inhibit  or  reverse  the  action  of  carcinogens. 
Experimental  animal  models  of  pancreatic  carcinoma  will  be  used  to  identify 
tumor-associated  antigens.   Future  efforts  will  aim  -to  determine  whether  such 
antigens  elicit  immune  responses  in  syngeneic,  tumor-bearing  hosts;  to  deter- 
mine whether  such  antigens  are  relevant  to  tumor-rejection  responses  as 
ascertained  by  immuno prophylaxis  experiments;  to  assess  whether  tumors  contain 
common,  group-specific,  or  unique  tumor  antigens;  and  to  determine  whether  any 
common  antigens  found  are  of  the  fetal  type. 

Recently,  epidemiologists  have  suggested  that  pancreatic  cancer  is  linked 
to  coffee  drinking.   High  priority  has  been  given  to  investigating  whether 
this  correlation  is  valid.   If  so,  future  testing  should  determine  what  aspect 
of  coffee  consumption  is  linked  to  the  disease  (for  example,  decaffeinated 
coffee,  artificial  sweeteners,  oil-containing  compounds).   Diabetes  and  its 
link  to  pancreatic  cancer  will  continue  to  be  studied,  using  epidemiological 
and/or  pathological  tools. 

Comparison  of  the  identification  of  one  pancreatic  cell  type  from  another 
requires  specific  biochemical  markers  for  individual  cells.   Most  preliminary 
efforts  involved  the  use  of  enzymes  as  markers  to  separate  acinar  cells  from 
ductal  cells.   Cytochemical  studies  are  needed  to  distinguish  marker  enzymes 
and  to  provide  tests  specific  to  these  individual  cell  types.   More  attention 
should  be  given  to  the  cell  surface,  and  studies  are  needed  to  define  the 
usefulness  of  secretagogue  binding  to  specific  cell-surface  receptors. 

Research  is  required  to  identify  molecular  factors  involved  in  the 
differentiation  of  pancreatic  cells.   Other  areas  requiring  study  include 
transcriptional  changes,  such  as  gene  activation,  that  result  in  the 
appearance  of  specific  messenger  RNAs  at  specific  times  of  differentiation. 
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Efforts  should  be  concentrated  on  the  cell  surface  to  identify  recognition 
factors  of  differentiation.   Studies  should  examine  components — for  example, 
basement  lamina,  mesenchymal  factors,  and  proteoglycans — that  perturb  the  cell 
surface. 

National  Prostatic  Cancer  Project  (NPCP) .   Studies  will  focus  on  experi- 
mental biology  and  the  epidemiology  of  prostate  cancer.   Many  will  use  animal 
tumor  models  and  human  prostate  specimens  provided  by  the  NPCP.   Particular 
emphasis  will  be  placed  on  both  the  nutritional  and  chemopreventive  aspects  of 
prostate  cancer.   Priority  areas  are:   identification  of  risk  factors  and 
prevention  approaches  in  populations  with  different  risks  of  prostatic  cancer; 
environmental  and  occupational  factors  that  affect  the  development  of  pro- 
static cancer;  the  role  of  development  and  aging  of  the  prostate  in  prostatic 
cancer;  the  role  of  cellular  and  intrinsic  factors  in  prostatic  carcinogene- 
sis; analysis  of  prostatic  fluid  for  determination  of  acinar  cell  milieu  and 
the  detection  of  carcinogens,  biological  markers,  and  promoters  of  prostate 
cancer;  trace  metals  in  prostatic  cancer;  cytogenetic  factors  in  prostate 
cancer;  further  characterization  of  hormone  receptors,  steroid  levels,  and 
enzyme  profiles  in  normal,  benign  prostatic  hypertrophy  (BPH),  and  cancerous 
prostatic  tissue;  endocrine  alteration  associated  with  the  development  of 
prostatic  cancer;  the  role  of  peptide  hormones  in  growth  regulation  of  normal 
and  malignant  prostatic  epithelium;  the  growth  and  maintenance  of  normal, 
benign,  and  malignant  human  prostatic  epithelium  in  vitro;  genetic  regulation 
and  expression  in  prostatic  cancer;  the  progression  of  prostatic  cancer  and 
the  development  of  metastasis;  prostatic  binding  systems  for  substances  other 
than  hormones  (polyamines,  prostaglandins,  drugs);  the  availability  of  animal 
models  for  the  study  of  prevention,  initiation,  and  modulation  of  prostate 
cancer;  the  surface  of  normal  and  malignant  prostatic  cells;  subcellular 
alterations  in  prostate  carcinoma;  and  interaction  between  stroma  and 
epithelium  of  the  normal  and  neoplastic  prostate  gland. 


International  Activities 

Planned  international  activities  include  emphasis  on  collaborative  cancer 
epidemiology  research.  For  example,  a  new  initiative  has  been  developed  with 
scientists  of  the  People's  Republic  of  China  for  joint  studies  on  the  epidemi- 
ology of  esophageal,  lung,  and  other  tumors.   U.S.  and  French  scientists  will 
conduct  joint  basic  research  in  carcinogenesis  including  cell  proliferation, 
cell  growth  factors,  normal  and  malignant  cell  differentiation,  and  transfor- 
mation by  DNA  and  RNA  viruses.   American  and  West  German  scientists  will 
endeavor  to  elucidate  the  mechanisms  of  carcinogenesis  as  well  as  to  modulate 
and/or  prevent  it.   They  will  also  conduct  joint  investigations  in  the  area  of 
environmental  carcinogenesis.   Collaborative  studies  of  cancer  epidemiology, 
especially  of  risk  factors  associated  with  diverse  occupations,  and  of  cellu- 
lar transformation  have  been  undertaken  by  colleagues  in  Italy.   This  year  a 
workshop  on  Occupational  Cancer  was  held  in  Italy.   Three  occupational  groups 
of  binational  interest  were  discussed:   leather  and  tannery  workers,  benzene- 
exposed  workers,  and  shipyard  employees.   The  participants  focused  on  issues 
relating  to  the  design,  conduct,  and  analysis  of  studies  to  evaluate  the  risk 
of  cancer  among  these  groups.   Statisticians  from  the  NCI  and  the  Israel 
Cancer  Registry  will  prepare  comparative  analyses  of  cancer  incidence  in  the 
United  States  and  Israel.   Special  attention  will  be  paid  to  the  country  of 
origin  and  the  period  of  immigration  for  cancer  patients  diagnosed  in  Israel. 
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Current  Activities 

A  subgoal  of  the  national  goal  to  improve  the  health  of  adults, 
as  described  in  the  Surgeon  General's  report,  Healthy  People,  is  to  reduce 
the  number  of  deaths  from  cancer.   Many  cancers  and  cancer  deaths  can  be 
prevented  through  two  strategies:   reducing  or  eliminating  exposure  to 
cancer-causing  substances  and  earlier  detection  and  treatment  of  the  disease 
before  it  has  spread.   Activities  related  to  the  latter  strategy  are  discussed 
in  Chapter  VI,  "Detection  and  Diagnosis." 

The  first  strategy,  reducing  or  eliminating  exposures  of  individuals 
to  cancer-causing  substances,  also  known  as  primary  cancer  prevention,  is 
the  preferred  form  of  cancer  control.   Its  aim  is  to  reduce  cancer  morbidity 
and  mortality  by  reducing  the  incidence  of  cancer.   It  is  the  strategy  upon 
which  control  is  placing  its  greatest  emphasis.   Many  scientists  now  believe 
that  enough  is  known  about  several  carcinogens,  particularly  those  encoun- 
tered through  the  continuous  use  of  tobacco  products,  so  that  an  all-out 
campaign  can  be  mounted  to  plan  and  implement  interventions  to  reduce  the 
number  of  cancers  associated  with  such  exposures.   In  addition,  there  is 
growing  evidence  from  animal  studies  and  epidemiological  investigations 
that  certain  natural  or  synthetic  agents  may  lower  cancer  incidence. 
These  potential  chemopreventive  agents  include  several  naturally  occurring 
substances  already  in  public  use,  such  as  vitamin  A  and  its  precursor, 
beta-carotene;  vitamin  C;  vitamin  E;  and  the  trace  metal  selenium  as 
well  as  others  such  as  phenolic  and  prostaglandin  synthesis  inhibitors, 
which  are  still  under  laboratory  investigation.   Complementary  to  the 
chemoprevention  research  and  control  effort,  the  diet  and  cancer  program 
continues  to  expand.   It  will  emphasize  the  study  of  macronutrients  as  they 
may  relate  to  carcinogenesis.   The  National  Cancer  Advisory  Board  and  the 
DRCCA  Board  of  Scientific  Counselors  have  stressed  the  need  for  a  diet  and 
cancer  research  effort. 

Ongoing  activities  include  the  active  solicitation  of  research  studies 
to  investigate  the  role  of  natural  inhibitors  in  preventing  cancer  and  a 
jointly  sponsored  5-year  clinical  trial  with  the  National  Heart,  Lung,  and 
Blood  Institute  to  determine  the  usefulness  of  beta-carotene  and  aspirin  in 
the  primary  prevention  of  cancer  and  cardiovascular  disease,  respectively. 
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Other  program  areas  include  activities  aimed  at  preventing  or  reducing 
exposures  to  radiation  and  environmental  carcinogens  or  cocarcinogens  such 
as  asbestos,  and  studies  related  to  lifestyle  and  cancer  as  well  as  general 
health  promotion  and  disease  prevention. 

In  Smoking,  Cancer,  and  Health,  research  and  control  emphasis  includes 
studies  aimed  at  understanding  biobehavioral  dependence  on  smoking  and  tobacco 
use;  epidemiological  studies  to  assess  health  effects  attributable  to  chang- 
ing smoking  and  tobacco  habits;  toxicological  studies  to  determine  promoting 
and  carcinogenic  effects  of  constituents  in  both  the  particulate  and  gaseous 
phases  of  cigarettes;  biological  studies  to  identify  individuals  at  unusually 
high  risk  for  the  development  of  smoking-related  cancers;  community  demonstra- 
tion and  education  programs  aimed  at  deterring  smoking  behavior  in  children 
and  adolescents;  and  development  of  smoking  cessation  programs  directed  toward 
high-risk  subgroups  that  are  not  decreasing  usage. 

The  activities  related  to  the  prevention  or  reduction  of  environmental 
carcinogen  or  cocarcinogen  exposures,  specifically,  radiation  and  asbestos, 
respectively,  include  educational  activities  aimed  at  protecting  people  from 
or  helping  them  avoid  unnecessary  radiation;  programs  to  inform  or  educate 
workers  about  the  risks  of  occupational  cancers,  along  with  programs  to 
organize  community  support  for  medical  surveillance  and  followup  for  workers 
known  to  be  at  high  risk  of  occupationally  related  cancer  or  who  have  exper- 
ienced an  apparently  increased  incidence  of  cancers  of  certain  sites  suspected 
to  be  of  occupational  origin;  the  criteria  for  diagnosing  asbestos-related 
disease;  and  safe  methods  for  the  removal  or  treatment  of  deteriorated 
asbestos  in  schools  and  other  buildings. 

The  Occupational  Cancer  Branch  is  the  NCI  focus  for  applied  research  and 
other  activities  aimed  at  prevention  and  control  of  occupational  cancer  and 
continues  to  cooperate  with  other  Federal  agencies  for  that  purpose.   Through 
an  Interagency  Agreement  with  the  Occupational  Safety  and  Health  Administra- 
tion, over  100  grants  were  awarded  to  educate  and  train  workers  about  occupa- 
tional health  hazards,  including  cancer.   Evaluation  followup  support  is  now 
available  to  a  limited  number  of  grantees  from  this  New  Directions  program  to 
determine  whether  educational  intervention  programs  can  modify  worker  behavior 
and  workplace  environments  so  as  to  reduce  cancer  incidence  as  much  as 
possible. 

Educational  publications  emanating  from  occupational  activities  sup- 
ported by  NCI  include  a  Workers'  Guide  to  Radiation,  the  Asbestos  Newsline, 
Legal  and  Ethical  Dilemmas  of  Worker  Notification,  and  Legal  and  Ethical 
Dilemmas  in  Occupational  Health.   Some  of  these  are  ongoing  publications  and 
complement  educational  workshops  for  physicians  and  other  health  care  workers 
as  well  as  the  National  Correspondence  Course  on  "Lung  Cancer  and  Asbestos- 
Related  Pulmonary  Disease,"  given  through  the  American  College  of  Chest 
Physicians  and  distributed  to  various  subspecialty  physicians  throughout 
the  United  States. 

Thirteen  contracts  for  the  development  of  cancer  prevention  courses 
for  medical  students,  residents,  physician  assistants,  and  nurse  practi- 
tioners have  terminated.   This  program  enabled  the  development  of  audiovisual 
aids,  course  modules,  case  presentations,  reading  lists,  self-instructional 
materials,  examinations,  and  guidelines  for  instructions.   Five  contractors 
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have  been  selected  to  be  evaluated  over  a  2-year  period,  and  these 
evaluations  are  in  process.   After  the  evaluations  have  been  completed,  the 
material  that  proves  most  educationally  effective  will  be  made  available  to 
interested  universities  and  other  institutions  around  the  country. 

Behavioral  medicine  is  an  interdisciplinary  research  approach  that 
contributes  to  understanding  disease  processes,  since  behavioral  and  social 
factors  contribute  to  the  same  processes.   Activities  in  this  area  include 
the  development,  field-testing,  and  evaluation  of  cancer  health  education 
protocols  in  breast  self-examination,  smoking  cessation,  and  occupational 
health  education.   Curriculum  units  of  a  model  program  to  teach  school- 
children, grades  K-12,  in  Washington  State  about  risk  reduction  and  cancer 
prevention  have  been  developed  and  field-tested  to  evaluate  their  effective- 
ness.  Studies  are  being  carried  out  that  relate  to  smoking  prevention  in 
adolescents,  cessation  of  smoking  in  high-risk  populations,  and  analyses  of 
self-initiated  cessation  attempts  in  adults.   Projects  attempting  to  identify 
predictive  factors  associated  with  the  initiation  of  smoking  are  being  con- 
ducted, and  should  permit  the  development  of  intervention  strategies  aimed 
at  modifying  these  factors  and  reducing  health  risk  in  these  populations. 
Another  project  studies  the  characteristics  of  successful  and  nonformalized 
self-help  approaches  to  smoking  cessation  to  determine  whether  some  approaches 
can  be  used  to  construct  more  effective  cancer-control  programs.   The  program 
in  smoking  prevention  and  cessation  in  at-risk  populations  continues  to  focus 
on  smoking  in  teenage  girls  and  asbestos-exposed  shipyard  workers.   Data  from 
these  studies  are  currently  being  analyzed  in  order  to  test  the  effectiveness 
of  peer  modeling  and  physician  counseling  as  intervention  strategies  in  the 
modification  of  smoking  behavior. 

Other  projects  are  concerned  with  the  estimation  of  environmental  and 
occupational  contributions  to  morbidity  and  mortality,  and  the  identification 
of  early  childhood  experience  contributing  to  future  cancer  risk. 

Planned  Activities 

Without  question,  the  next  few  years  promise  some  of  the  most  exciting 
possibilities  for  applied  research  and  control  since  the  initiation  of  the 
National  Cancer  Program  in  1971.   While  cancer  control  achievements  to  date 
are  noteworthy,  application  of  the  scientific  knowledge  base  of  epidemio- 
logical data  and  the  combination  of  that  knowledge  with  extant  biological  and 
biobehavioral  data  have  met  with  reassuring  enthusiasm.   The  potential  for 
reduction  in  cancer  incidence  and  mortality  from  the  growing  number  of  preven- 
tion activities  being  planned  and  implemented  is  encouraging.   According  to 
many  scientists,  if  adequate  resources  are  applied  to  a  carefully  planned 
prevention  effort,  it  is  realistic  to  expect  a  reduction  in  cancer  incidence 
over  the  next  two  decades.   While  each  of  the  ongoing  and  planned  activities 
should  contribute  to  that  success,  particular  attention  will  be  paid  to  reduc- 
ing the  number  of  tobacco  product  users;  to  educating  the  working  public  about 
substances  in  the  workplace  that  are  known  carcinogens  or  cocarcinogens ;  to 
involving  community  physicians  in  disease  prevention  and  education;  and,  in 
general,  to  launching  a  national  health  promotion  and  disease  prevention  pro- 
gram.  Moreover,  the  development  of  a  new  chemoprevention  research  program  to 
determine  whether  selected  micronutrients  or  synthetic  compounds  can  be  shown 
in  human  trials  to  reduce  cancer  incidence  is  promising.   With  corresponding 
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optimism  and  scientific  commitment,  the  following  highlighted  activities  have 
therefore  been  planned: 

•  The  Smoking,  Cancer,  and  Health  Program  (SCHP)  is  developing  an 
aggressive,  forward  plan  of  action  that  will  result  in  major,  new 
research  and  program  initiatives  over  the  next  several  years.   Working 
groups  of  recognized  experts  have  been  formed  to  review  current 
activities,  and  to  make  specific  program  recommendations  in  five 
areas:   (1)  prevention  programs  targeted  at  school  age  youth;  (2)  the 
use  of  mass  media  to  influence  and  reinforce  appropriate  prevention 
and  cessation  behaviors;  (3)  opportunities  for  stimulating  "self-help" 
strategies  of  cessation;  (4)  the  role  of  health  professionals  (partic- 
ularly physicians)  as  exemplars  and  interveners  in  prevention  and 
cessation  programs;  (5)  smoking  behavior  in  minority  populations.   The 
SCHP  will  continue  to  coordinate  and  work  with  NCI  programs  that  have 
smoking  components  (e.g.,  cancer  prevention  programs  in  occupational 
settings) . 

•  In  chemoprevention,  an  Interagency  Agreement  with  the  National  Center 
for  Health  Statistics  will  enable  the  investigation  of  the  relation- 
ship between  nutritional  factors  and  cancer  incidence  and  mortality, 
using  the  National  Health  and  Nutrition  Examination  Survey  (NAHANES) 
Epidemiologic  Followup  Survey.  Over  14,000  persons  between  the  ages 
of  25  and  74  (constituting  a  representative  sample  of  the  U.S.  popu- 
lation) who  were  originally  interviewed  from  1971  to  1974  will  be 
interviewed  for  this  purpose. 

•  A  number  of  chemoprevention  studies  will  be  undertaken  to  examine  the 
role  of  natural  and  synthetic  inhibitors,  including  but  not  limited  to 
vitamin  A  and  its  precursor,  beta-carotene;  analogues  of  vitamin  A; 
vitamins  C  and  E;  and  selenium,  in  reducing  the  incidence  of  site- 
specific  cancers. 

•  Sera  collected  from  participants  in  the  Aspirin  Myocardial  Infarc- 
tion Study  will  be  analyzed  to  determine  whether  predisease 
levels  of  beta-carotene,  retinol,  retinol-binding  protein,  alpha 
tocopherol,  and  selenium  are  related  to  the  subsequent  development 
of  cancer. 

•  Several  studies  of  controlled  human  intervention  trials  will  commence. 
Populations  to  be  examined  will  be  selected  on  the  basis  of  their 
cancer  risks  and  environmental  exposures  and  on  the  extent  of  knowl- 
edge indicating  a  potential  for  inhibiting  cancer  at  specific  sites  by 
specific  agents. 

•  In  occupational  cancer,  work  will  continue  on  educating  workers  and 
health  professionals,  with  particular  emphasis  on  the  evaluation  of  the 
New  Directions  grants  previously  described.   Several  grants  will  be 
awarded  to  evaluate  the  effects  of  educational  interventions  with 
workers  and  with  organizational  and  administrative  structures  operative 
in  the  workplace  on  the  reduction  or  elimination  of  exposure  to  cancer 
hazards . 
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Continued  emphasis  will  be  placed  on  education  in  cancer  prevention  for 
primary  care  physicians,  and  an  evaluation  of  their  cancer  education  needs 
will  help  determine  the  direction  of  future  efforts.   Curricula  developed  for 
medical  students,  resident  nurse  practitioners,  and  physicians'  assistants 
will  be  evaluated  and  disseminated. 

Additional  emphasis  will  be  placed  on  prevention  education  in  smoking  and 
nutrition  in  the  schools.   The  smoking  program  will  be  expanded  to  emphasize 
prevention  of  use  of  tobacco  in  all  forms  among  children  and  blue  collar  and 
minority  populations.   Emphasis  may  include  the  development  of  smoking  preven- 
tion techniques  for  areas  other  than  the  classroom.   Research  will  be  con- 
tinued to  identify  and  test  innovative  and  effective  cessation  and  other 
cancer  health  education  efforts  based  on  the  evaluation  of  present  education 
programs.   An  example  is  the  Know  Your  Body  Program,  designed  to  develop 
personal  responsibility  for  health  maintenance  among  schoolchildren.   Data 
from  this  innovative  school  health  education  project  are  now  being  analyzed. 

Other  projects  will  be  concerned  with  the  alteration  of  lifestyle  factors 
associated  with  cancer  risk.   These  include  investigations  into  the  nature  of 
nicotine  dependence  and  its  development  as  well  as  its  cessation;  the  modifi- 
cation of  nutritional  intake  as  epidemiological  evidence  suggests  a  link 
between  diet  and  cancer  risk;  and  the  modification  of  other  forms  of  addictive 
behavior  such  as  excessive  alcohol  consumption  in  population  subgroups.   The 
alteration  of  the  behavior  of  those  exposed  to  other  environmental  carcinogens 
(such  as  those  found  in  the  workplace),  and  the  development  of  effective  risk- 
counseling  techniques  are  other  areas  of  future  program  interest. 

Efforts  will  be  made  to  identify  groups  at  unusually  high  risk  of 
developing  cancer  as  a  result  of  exposure  to  carcinogens  in  the  workplace, 
with  and  without  the  complication  of  lifestyle  factors  such  as  cigarette 
smoking  and  alcohol.   Appropriate  programs  will  be  developed  for  long-term 
medical  surveillance  of  some  of  these  high-risk  groups. 
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Current  Activities 

A  special  resource  program  has  been  developed  to  support  researchers 
in  chemical  carcinogenesis.   This  includes  the  synthesis,  purification,  and 
characterization  of  many  hundreds  of  chemical  carcinogens  and  their 
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metabolites  that  are  not  available  from  commercial  sources.   Major  classes  of 
compounds  available  from  this  resource  include  the  polycyclic  aromatic  hydro- 
carbons and  their  metabolites,  nitrosamines ,  and  aromatic  amines.   Also 
included  is  a  repository  where  the  compounds  are  characterized,  purified,  and 
distributed  to  cancer  researchers  throughout  the  world.   In  order  to  support 
chemoprevention  research,  the  program  also  provides  for  the  synthesis  and 
distribution  of  a  small  number  of  radiolabeled  retinoids.   A  recent  evalua- 
tion has  shown  this  to  be  a  valuable  support  activity.   In  addition,  the 
tobacco-related  carcinogenesis  program  develops,  produces,  and  distributes 
tobacco-related  reference  materials  to  the  relevant  research  community  as 
required . 

A  wide  range  of  research  resources  and  services  support  biological  car- 
cinogenesis research.   These  include  testing  services  to  establish  the 
presence  of  viruses  in  biological  specimens;  the  development  and  improvement 
of  techniques  for  the  detection  of  virus-related  information  in  human  tumors; 
preparation  of  enzymes  such  as  avian  myeloblastosis  virus  reverse  tran- 
scriptase; the  large-scale  production  and  distribution  of  viruses  and  viral 
components  including  primate,  feline,  avian,  and  murine  viruses  as  well  as 
antisera  to  these  agents  and  their  subunit  proteins;  the  development  and  use 
of  serological  techniques  for  the  diagnosis  and  assessment  of  prognosis  for 
specific  human  cancers;  production  and  holding  facilities  for  experimental 
animals,  including  primates,  nude  and  congenic  mice,  and  gnotobiotic  avian 
materials;  and  acquisition  of  human  specimens  for  research  purposes. 

A  variety  of  collaborative  statistical  work  is  carried  out  in  the  area  of 
carcinogenesis  research.   This  includes  the  development  of  mathematical  models 
relevant  to  cancer  biology,  statistical  techniques  useful  for  evaluating  the 
effects  of  potential  carcinogens,  determination  of  the  effects  of  patient 
characteristics  on  survival  analysis  or  the  analysis  of  competing  risks, 
record  linkages  for  investigations  involving  special  patient  groups  and  cancer 
registries  or  death  lists,  techniques  to  evaluate  cancer  screening  tests  and 
procedures,  and  improved  methodologies  for  evaluating  estimates  of  cancer  risk 
from  low-dose  exposure  to  carcinogens. 

Other  epidemiology  resource  activities  include  assisting  in  designing, 
monitoring,  and  evaluating  screening  programs  and  clinical  trials,  and  assist- 
ing the  regulatory  agencies  in  their  assessment  of  risk  of  environmental  agents 

The  Childhood  Cancer  Etiology  Newsletter,  issued  monthly  by  NCI,  is  now 
in  its  eighth  year.   The  Newsletter  is  widely  distributed  to  those  interested 
in  childhood  cancer  and  has  been  a  source  of  new  ideas  and  fresh  interest  in 
pediatric  cancer  etiology, 

A  data  management  system  maintains  automated  inventories  of  biological 
carcinogenesis  resources  and  computer  systems,  and  aids  management  in  planning 
and  analysis.   The  automated  inventories  include  the  research  resources  virus 
inventory;  the  serum  collection;  the  human  tissue  collection;  and  the  virus, 
antisera,  and  cell  culture  collections  of  the  satellite  resources  systems. 

Practicing  physicians  and  other  health  professionals  have  little  informa- 
tion about  cancer  prevention  that  is  helpful  in  clinical  practice.   Currently, 
multidisciplinary  teams  in  academic  settings  across  the  country  are  identify- 
ing knowledge,  skills,  and  attitudes  in  cancer  prevention  that  should  be 
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mastered  by  physicians,  nurse  practitioners,  and  physicians'  assistants. 
Approaches  are  being  developed  and  field  tested  to  determine  which  are  most 
effective.   Dissemination  of  information  about  successful  approaches  is 
planned  so  that  health  professionals  can  apply  these  techniques  in  their 
clinical  practices. 

Workshops  on  topics  related  to  cancer  prevention,  such  as  the  "Second 
Annual  NCI/EPA/NIOSH  Collaborative  Workshop  on  Environmental  and  Occupational 
Cancer,"  "Hepatitis  B  Virus  and  Primary  Hepatocellular  Carcinoma,"  "Retroviral 
Isolates  from  Human  T-Cell  Leukemias,"  and  "Role  of  Natural  Inhibitors  in 
Carcinogenesis"  have  been  conducted  by  the  NCI,  and  the  proceedings  have  been 
distributed. 

An  international  conference  took  place  in  September  1982  to  discuss  the 
use  of  human  tissues  and  cells  in  studying  the  various  aspects  of  carcino- 
genesis.  Topics  included:   control  of  growth  and  differentiation  in  normal 
and  neoplastic  human  cells;  metabolism  of  chemical  carcinogens  and  DNA  damage; 
DNA  repair,  mutagenesis,  and  chromosomal  lesions;  xenotransplantation;  tumor 
promoters,  transforming  growth  factors,  DNA  transfect ion,  and  gene  amplifica- 
tion; malignant  transformation  by  physical  carcinogens;  malignant  trans- 
formation by  chemical  carcinogens;  malignant  transformation  by  microbial 
agents;  and  laboratory-epidemiology  studies  of  host  factors. 

The  Cancer  Communications  Network  (CCN)  was  established  in  1976  for  the 
purpose  of  assuring  that  accurate,  up-to-date  information  on  cancer  cause, 
prevention,  early  detection,  diagnosis,  treatment,  rehabilitation,  and 
continuing  care  is  readily  available  to  and  accessible  by  the  public  and 
health  professionals. 

Information  services  useful  to  researchers  in  cancer  cause  and  prevention 
are  provided  by  several  special  information  activities  supported  by  the  Inter- 
national Cancer  Research  Data  Bank  (ICRDB)  Program  of  the  NCI.   Two  Cancer 
Information  Dissemination  and  Analysis  Centers  serve  as  key  resources  for 
information  in  cancer  virology,  chemical  carcinogenesis,  and  radiation  carci- 
nogenesis.  The  Clearinghouse  for  On-Going  Research  in  Cancer  Epidemiology, 
located  in  Lyon,  France,  collects  and  disseminates  epidemiology  research 
information  around  the  world,  and  publishes  the  annual  Directory  of  On-going 
Research  in  Cancer  Epidemiology.   ONCOLOGY  OVERVIEWS  have  recently  been 
published  on  vitamin  A;  transplacental  carcinogenesis;  and  the  roles  of 
alcohol,  genetic  predisposition,  water  supply  contaminants,  and  vinyl 
chloride  in  carcinogenesis. 

Several  medical  schools  have  added  to  their  curricula  electives  in  cancer 
prevention,  cancer  epidemiology,  and/or  nutritional  aspects  of  cancer.   Dental 
schools  provide  instruction  in  patient  education  with  particular  attention  to 
the  avoidance  of  tobacco.   Medical  and  dental  students  have  opportunities  to 
participate  in  research  projects  dealing  with  carcinogenesis,  prevention,  and 
related  subjects.   At  the  graduate  and  continuing  education  levels,  the  epi- 
demiology of  cancer  is  stressed.   The  Preventive  Oncology  Academic  Awards 
Program,  instituted  in  FY  1981,  provides  outstanding  faculty  members  at 
sponsoring  institutions  the  opportunity  to  develop,  coordinate,  and  expand 
research  and  educational  programs  related  to  cancer  prevention.   The  progress 
of  investigators  holding  these  5-year  awards  was  reviewed  this  year  in  a 
workshop  entitled  "Annual  Meeting  of  Preventive  Oncology  Awardees." 
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The  continual  development  of  excellent  research  manpower  is  essential 
for  future  cancer  research.   During  the  past  year,  1,583  traineeships , 
fellowships,  and  career  development  awards  were  made  in  etiology  and  pre- 
vention,.  The  disciplines  emphasized  include  nutrition,  epidemiology  and 
biostatistics ,  virology,  biochemistry,  immunology,  and  carcinogenesis. 


Predoctoral  Postdoctoral  Dollars 

Institutional  Fellowship  Trainees 

(Training  Grants)                       431          476  $13,761,000 

Individual  Postdoctoral  Fellowships                    83  1,560,000 

Research  Career  Development  Awardees                   48  1,872,000 

Total                                 431          607  $17,193,000 


Planned  Activities 

Increased  emphasis  will  be  placed  on  the  linkage  of  existing  government 
data  bases  to  provide  information  useful  for  the  generation  and  testing  of 
hypotheses  in  occupational  epidemiology.   Attempts  will  also  be  made  to 
integrate  laboratory  methodology  in  the  conduct  of  epidemiological  studies 
designed  to  elucidate  risk  factors  for  human  cancer. 

Under  appropriate  conditions,  low  molecular  weight  oligopeptides  derived 
from  actinomycetes  have  been  shown  to  suppress  malignant  transformation  in 
vitro  either  at  the  expression  state  or  during  promotion  with  phorbol  ester, 
and  can  inhibit  tumorigenesis  in  animals.   However,  current  low  molecular 
weight,  small-peptide  protease  inhibitors  (for  example,  antipain,  leupeptin, 
chymostatin,  elastatinol,  pepstatin)  are  not  easily  available  (they  are 
obtainable  from  Japan  in  very  limited  quantities  or  from  commercial  sources  at 
high  cost).   A  planned  project  will  isolate,  purify,  and  make  available  to  the 
scientific  community  currently  known  oligopeptide  protease  inhibitors  of 
anticarcinogenic  and  antitransformation  interest. 

Continued  emphasis  will  be  placed  on  evaluation  of  other  inhibitors  of 
carcinogenesis.   As  inhibitors  are  identified  that  appear  to  have  potential 
for  further  development,  they  will  be  screened  in  in  vitro  systems,  synthe- 
sized in  bulk  quantities,  and  entered  into  dose/response  protocols  in  a 
variety  of  test  systems.   Those  substances  appearing  to  have  great  potential 
as  inhibitors,  or  representatives  of  classes  that  appear  to  have  such 
potential,  will  be  prepared  in  radiolabeled  fonn  and  made  available  to  the 
scientific  community  to  permit  investigation  of  their  mechanisms  of  action 
and  pharmacokinetics. 

A  biological  specimen  repository  will  be  established  that  will  consist  of 
epithelial  cells  and  tumor  cell  lines  derived  from  normal  persons,  persons  at 
high  risk  of  cancer,  and  patients  with  cancer.   Viable  frozen  cell  strains 
will  be  maintained,  and  several  will  be  used  to  establish  cultures.   Specimens 
will  be  distributed  to  intramural  and  collaborating  extramural  scientists. 
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A  planned  project  involves  support  for  the  development  of  specific 
monoclonal  antibodies  directed  against  human  cancers  and  an  investigation  of 
the  diagnostic  utility  of  such  antibodies. 

A  handbook  of  methods  and  approaches  for  promoting  cancer  control  programs 
will  be  published  and  disseminated.   This  compendium  of  principles,  guidelines, 
and  examples,  based  on  theory  and  practice  and  written  in  lay  terms,  will  be 
useful  to  policymakers  and  communicators  in  planning  and  implementing  effective 
strategies  for  the  transfer  of  information  about  cancer  control. 

The  Office  of  Cancer  Communications  has  begun  planning  a  public  infor- 
mation effort  on  cancer  prevention  to  be  conducted  in  FY  1983  and  beyond. 
The  initial  objective  of  this  program  is  to  help  clarify  the  public's  con- 
cept about  risk  of  cancer.   This  will  involve  increasing  public  knowledge  of 
cancer  risks  and  risk  factor  reduction;  improving  public  attitudes  regarding 
cancer  prevention;  dispelling  myths  related  to  cancer  risks,  cause  and  pre- 
vention; and  influencing  behaviors  related  to  reducing  personal  risk  of 
cancer.   Messages  for  the  program  will  emphasize  primary  prevention  and  may 
include  information  about  the  following  known  or  suspected  risks:   tobacco, 
alcohol,  estrogens,  diet,  radiation,  chemicals,  and  viruses.   Messages  will 
also  be  developed  to  inform  health  professionals  and  opinion  leaders  about 
the  public  messages  and  to  encourage  participation  in  this  information  effort. 

Information  and  education  programs  on  asbestos  and  other  known  occupa- 
tional carcinogens  for  the  exposed  workers,  their  families,  labor  organiza- 
tions, industry,  health  professionals,  health  care  providers,  and  the  lay 
public  will  be  continued.   Workshops  are  planned  that  will  address  the 
ethical,  legal,  economic,  and  social  aspects  of  worker  notification  programs. 

The  Clinical  Cancer  Education  Program  will  begin  to  emphasize  preventive 
oncology  in  supporting  changes  in  the  curricula  of  health  professional 
schools.   The  Research  Training  Program  will  emphasize  epidemiology  and 
biostatistics ,  preventive  oncology,  and  nutrition. 

Resources  for  and  support  of  cause  and  prevention  activities  will  also 
continue  to  be  provided  through  NCI  Cancer  Center  Support  (Core)  Grants  and 
Construction  Grant  Awards.   Grants  offered  through  the  latter  program  will 
support  facilities  for  expanding  existing  research  and  developing  new 
projects.   Planned  construction  includes  renovating  biohazard  containment 
laboratories  for  chemical  carcinogenesis  work. 
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'Millions  of  Dollars 


Projected  Funding  —  NCI  Cause  and  Prevention  Resources  and 
Support  Activities 
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CHAPTER  VI 

DETECTION  AND  DIAGNOSIS 

MAJOR  ACCOMPLISHMENTS  FOR  FY  1982 

Cancer  patients  can  be  treated  more  effectively  if  the  cancer  is  detected 
before  it  spreads  and  if  it  is  correctly  staged  so  that  the  extent  of  the 
disease  can  be  determined.   Improving  the  technology  for  early  localization 
and  characterization  of  cancer  is  the  goal  of  NCI's  diagnostic  and  detection 
research  program.   In  addition  to  staging  cancer,  diagnostic  techniques 
frequently  are  used  to  monitor  a  patient's  response  to  treatment.   This 
includes  determining  the  completeness  of  remission  and  spotting  the  recurrence 
of  cancer  as  early  as  possible. 

Early  cancer  detection  can  be  accomplished  for  certain  cancers  by  routine 
screening  of  high-risk  asymptomatic  individuals.   An  effective  screening 
program  is  dependent  on  sensitive  techniques  that  can  detect  cancer  before 
obvious  physical  sjmiptoms  appear.   This  past  year,  two  NCI-supported  pilot 
screening  programs  were  completed.   One  was  the  NCI-ACS  Breast  Cancer 
Detection  Demonstration  Project  (BCDDP).   The  second  was  the  evaluation  of 
several  detection  methods  for  another  disease  affecting  females,  endometrial 
cancer. 

The  results  of  the  joint  NCI-ACS  project  indicate  that  mammography — 
x-rays  of  the  breast — plays  a  crucial  role  in  the  early  detection  of  breast 
cancer  for  women  in  certain  age  groups  and  risk  categories.   Although  not  as 
sensitive  as  mammography,  annual  physical  examination  of  the  breast  was  found 
to  be  a  good  method  of  detecting  breast  cancer  for  women  of  all  ages. 

These  observations  are  based  on  data  from  the  nationwide  BCDDP,  which 
became  operational  in  1973  and  screened  280,000  women  between  the  ages  of 
35  and  74  for  breast  cancer.   Each  of  29  participating  BCDDP  centers  was 
required  to  recruit  about  10,000  women,  screen  them  annually  for  5  years,  and 
monitor  their  health  for  an  additional  5  years.   The  annual  screen  included  a 
combination  of  medical  history,  physical  examination,  and  mammography.   Breast 
self-examination  (BSE)  was  also  taught  at  the  screening,  and  participants  were 
encouraged  to  practice  BSE  on  a  monthly  basis.   The  active  screening  was 
completed  in  1981. 

A  summary  report  issued  this  year  reported  that  mammography  alone  (in 
cases  with  negative  findings  by  physical  examination)  detected  41.6  percent  of 
the  3,557  cancers  and  that  physical  examination  alone  (in  cases  with  negative 
findings  by  mammography)  identified  8.7  percent  of  the  total  cancers.   Over- 
all, 90  percent  of  cancers  were  discovered  by  mammography.   Nearly  one  third 
of  the  cancers  (32.4  percent)  detected  by  the  BCDDP  centers  were  noninvasive 
or,  when  they  were  invasive,  were  less  than  1  cm  in  size.   The  report 
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concluded  that  mammography  can  accurately  detect  cancers  in  their  early 
stages  . 

Early  detection  may  help  extend  the  life  span  of  breast  cancer  patients. 
The  5-year  survival  rate  for  cancer  localized  to  the  breast  is  85  percent, 
compared  to  65  percent  when  the  cancer  spreads  to  the  lymph  nodes.  The  report 
also  noted  the  limitation  of  the  study.   Since  the  BCDDP  was  designed  as  a 
demonstration  project  and  not  as  a  clinical  trial,  it  could  not  provide  final 
proof  of  the  efficacy  of  mammography.   Rather,  the  data  supported  the  idea 
that  mammography  is  an  effective  tool  for  detecting  breast  cancer  in  asymp- 
tomatic women  over  50  or  in  certain  risk  categories.   In  fact,  advancing  age 
is  the  most  important  risk  factor.   Most  breast  cancers  occur  in  women  over 
the  age  of  50. 

The  BCDDP  findings  confirm  those  of  a  breast  cancer  screening  project 
started  by  the  Health  Insurance  Plan  (HIP)  of  Greater  New  York  in  1963,  which 
served  as  a  model  for  BCDDP.   However,  mammography  played  a  significantly 
greater  role  in  the  diagnosis  of  breast  cancer  in  the  BCDDP  study:   Only 
33  percent  of  the  cancers  were  detected  by  mammography  alone  in  the  HIP  study, 
compared  with  41.6  percent  in  the  BCDDP. 

The  difference  is  likely  attributable  to  technological  changes  in  the 
x-ray  instrumentation  that  have  greatly  improved  the  quality  of  mammography  in 
the  intervening  years,  the  BCDDP  report  suggests.   The  accuracy  of  the 
technique  has  improved  over  the  past  two  decades,  enhancing  the  ability  to 
detect  small,  localized  cancers,  particularly  in  the  dense  breast  tissue  of 
younger  women.   One  major  change  that  has  been  made  since  the  project  began  is 
a  significant  reduction  (60  percent)  in  the  radiaxion  exposure  a  woman  gets 
during  mammography. 

Using  selected  screenees  from  the  BCDDP  study,  a  long-term  followup 
program  is  now  under  way  to  gather  information  on  the  health  status  of 
approximately  65,000  women.   Implemented  in  1980,  this  study  is  designed  to 
provide  estimates  of  breast  cancer  risks  and  information  on  the  natural 
history  and  biology  of  the  disease  in  specific  population  groups. 

The  NCI  also  completed  a  feasibility  study  of  various  screening  methods 
for  endometrial  cancer,  a  cancer  of  the  uterine  wall,  which  primarily  affects 
postmenopausal  women  between  60  and  70  years  of  age.   The  incidence  of  this 
cancer  has  increased  dramatically  in  the  past  20  years,  reflecting  partially 
the  increasing  use  of  postmenopausal  estrogens  and  partially  an  increase  in 
the  median  age  of  the  U.S.  population.   Endometrial  cancer  now  accounts  for 
13  percent  of  all  cancers  in  women. 

Preliminary  results  from  an  NCI-funded  study  suggest  that  older  women  can 
successfully  be  screened  for  endometrial  cancer  by  various  tissue  and  cell 
sampling  methods.   Initiated  in  1979  at  the  Montefiore  Hospital  in  New  York 
City,  the  study  screened  2,007  women  annually  for  2  years.   All  of  the  women 
were  45  years  of  age  or  older.   Before  this  study,  there  had  not  been  a  good 
evaluation  of  various  screening  techniques  for  endometrial  cancer,  and  there 
was  little  information  on  the  incidence  of  this  cancer  in  asymptomatic  women. 

Adequate  endometrial  samples  were  obtained  from  86  percent  of  the  women. 
Because  scarring  and  atrophy  in  the  uterine  tissue  of  older  women  frequently 
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make  sampling  difficult,  this  percentage  was  considered  significant.   Of  the 
sampling  methods  used,  endometrial  smears  and  mini-biopsies  were  the  most 
successful,  discovering  80  percent  of  the  cancers  (eight  cases).   One  case  was 
found  by  vaginal  smears,  and  one  was  not  diagnosed  until  it  became  sympto- 
matic.  Endocervical  aspiration,  a  cytological  suction  technique,  was  found  to 
be  ineffective  as  a  diagnostic  tool. 

The  goal  of  an  ongoing  followup  study  is  to  identify  high-risk  groups 
within  the  population  and  to  determine  the  most  cost-efficient  detection 
methods  for  each  group. 


Melanoma  Precursor 

Identification  of  new  risk  factors  through  observations  of  families  of 
cancer  patients  has  provided  a  clue  for  the  early  detection  of  melanoma,  a 
skin  cancer  that  arises  from  pigmented  moles.   In  1976,  scientists  at  NCI  and 
at  the  University  of  Pennsylvania  identified  the  dysplastic  nevus  syndrome. 
This  syndrome  is  characterized  by  the  presence  of  atypical  moles  that  often 
change  into  melanoma — a  form  of  skin  cancer  that  spreads  rapidly  to  other 
sites  of  the  body  and  is  a  major  cause  of  death  from  cancer  in  the  United 
States.   It  is  partially  caused  by  excessive  exposure  to  sunlight.   By 
observing  survival  of  patients  with  different  stages  of  the  disease,  physi- 
cians now  know  that  if  caught  before  the  cancer  invades  the  deeper  layers  of 
the  skin,  melanoma  is  curable  with  surgery. 

In  their  early  research,  the  scientists  observed  the  dysplastic  nevus 
syndrome  among  melanoma  patients  and  their  families.   Now,  however,  the 
scientists  have  found  these  atypical  moles  in  melanoma  patients  without  a 
family  history  of  the  disease.   This  finding  suggests  that  atypical  moles 
might  be  precursors  of  melanoma  in  the  general  population,  so  that  careful 
surveillance  of  patients  with  the  syndrome  could  help  physicians  diagnose 
melanoma  at  a  stage  in  its  progression  when  it  is  curable. 

To  help  physicians  and  other  health  professionals  identify  these  special 
atypical  moles,  NCI  investigators  have  developed  a  series  of  educational  video 
cassettes  and  pamphlets.   These  materials  illustrate  the  characteristics  of 
dysplastic  nevi,  discuss  the  principles  of  skin  examination,  and  suggest  ways 
to  encourage  patients  to  do  their  own  preventive  health  care,  such  as 
minimizing  their  exposure  to  sunlight. 

The  educational  program  began  in  1981  and  has  elicited  a  strong  response; 
as  of  July  1982,  there  were  6,198  requests  for  8,080  printed  materials.   And 
as  of  May  1982,  55,000  individuals  had  been  scheduled  to  view  the  video 
cassettes  through  the  loan  program.   To  deal  with  the  demand  for  information, 
NCI  has  reproduced  an  additional  300  copies  of  each  of  the  three  films. 


Diagnosis 

Cancer  cells  have  unusual  proteins  and  carbohydrates  on  their  cell 
surface  called  tumor  antigens.   Antibodies  to  these  molecules  can  be  used  as 
markers  to  trace  and  stage  a  diagnosed  cancer,  to  monitor  a  patient's  response 
to  therapy,  and  to  predict  recurrence  after  remission. 
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A  tumor  marker  present  in  patients  with  a  certain  type  of  lung  cancer 
has  been  discovered  by  NCI  scientists.   This  marker  is  a  hormone-like 
polypeptide — called  bombesin — and  it  may  serve  as  a  basis  for  early  detection 
and  improved  treatment  of  the  disease.   Bombesin  appears  only  in  patients  with 
small-cell  lung  cancer  (SCLC)  and  not  in  patients  with  other  forms  of  lung 
cancer.   Bombesin  is  present  in  large  concentrations  in  fetal  tissue,  but  in 
normal  adults,  it  is  barely  detectable. 

In  a  multi- institutional  study,  researchers  found  bombesin  in  cultures  of 
cancer  tissue  from  each  of  the  19  patients  with  SCLC  who  were  tested.   The 
substance  was  not  present  in  10  patients  with  other  forms  of  lung  cancer  nor 
in  patients  with  cancers  of  other  sites.   The  scientists  speculated  that 
bombesin  may  sustain  and  promote  tumor  growth. 

The  occurrence  of  high  levels  of  bombesin  in  SCLC  holds  the  promise  of  a 
new  diagnostic  tool.   An  assay  for  the  presence  of  this  protein  in  the  blood 
or  urine  of  persons  at  high  risk,  such  as  smokers,  might  be  useful  in 
detecting  early  lung  cancer. 

Monoclonal  Antibodies 

Many  of  the  recent  advances  in  tumor  marker  research  are  attributable  to 
the  availability  of  monoclonal  antibodies  made  with  hybridoma  technology. 
This  past  year,  NCI  researchers  have  isolated  several  monoclonal  antibodies 
that  may  have  applications  in  cancer  diagnosis. 

For  cancer  diagnosis,  monoclonal  antibodies  are  needed  that  will  react 
specifically  with  cancer  cells  and  not  with  normal  cells.   When  linked  to  a 
radioactive  tracer  and  injected  into  the  patient,  the  immunologic  reagents 
could  locate  sites  of  primary  or  metastatic  disease.   These  antibodies  also 
may  be  useful  to  screen  blood  samples  for  the  presence  of  tumor  antigens  that 
signal  the  recurrence  of  cancer. 

To  make  monoclonal  antibodies,  researchers  must  first  make  hybridomas  by 
fusing  a  cell  that  produces  and  secretes  antibodies  with  a  cultured  mouse 
myeloma  cell.   Myeloma  is  a  cancer  that  arises  from  B  lymphocytes.   The 
particular  mouse  myeloma  line  used  to  make  hybridomas  has  lost  its  ability  to 
secrete  antibodies.   The  scientists  first  inject  a  mouse  with  human  cancer 
cells  to  elicit  an  immune  response.   Then  antibody-producing  B  cells  are  iso- 
lated from  the  spleen,  and  each  is  fused  to  a  mouse  myeloma  cell.   The  result- 
ing hybridoma  divides  to  form  a  clonal  line  that  grows  indefinitely  in  culture 
and  secretes  the  particular  antibody  of  the  parent  B  cell.   But  finding  the 
hybridoma  that  makes  the  antibody  one  wants  to  study  is  a  large  task. 

NCI  scientists  screened  15,000  to  20,000  hybridomas  to  find  one  that 
makes  an  antibody  specific  for  small-cell  lung  cancer.   This  form  of  lung 
cancer  grows  rapidly  and  accounts  for  about  one  fourth  of  the  130,000  lung 
cancers  that  occur  in  the  United  States  each  year.   After  the  initial  screen, 
80  antibodies  were  found  that  would  react  with  small-cell  lung  cancer. 
Further  screening  found  one  line  that  reacted  with  only  normal  kidney  cells 
and  with  breast  cancer,  embryonic  nerve  cells,  and  lung  adenocarcinoma  cells. 
Some  of  the  other  monoclonal  antibodies  proved  to  be  less  specific,  reacting 
either  with  normal  cell  lines  or  with  tumor  cell  lines  in  addition  to 
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small-cell  lung  cancer  lines.   None  of  the  antibodies  were  specific  just  for 
small-cell  lung  cancer  cells. 

Progress  has  also  been  made  in  finding  monoclonal  antibodies  to  human 
breast  cancer.   These  immunologic  reagents  were  made  by  fusing  human 
lymphocytes  taken  from  lymph  nodes  removed  during  breast  surgery  to  mouse 
cancer  cells.   Originally  these  human-mouse  hybridomas  were  unstable, 
frequently  losing  chromosomes  and  ceasing  to  make  human  antibodies.   In  the 
past  year,  NCI  researchers  have  been  successful  in  developing  more  stable 
lines  of  these  human-mouse  hybridomas  that  can  produce  monoclonal  antibodies 
against  human  breast  cancer  antigens.   In  a  clinical  study  of  45  tissue 
samples  taken  from  different  breast  cancer  patients,  nine  reacted  with  five  of 
the  monoclonal  antibodies,  and  some  reacted  with  only  one. 

These  differences  in  reactivity  suggested  to  the  NCI  scientists  that  not 
all  breast  cancer  cells  are  alike  in  the  antigens  they  carry,  and  that  the 
different  antigens  may  predict  how  far  the  cancer  has  advanced.   In  the  past 
year,  the  scientists  have  been  testing  each  of  their  monoclonal  antibodies 
against  breast  cancer  cells  obtained  from  patients  in  various  stages  of  tumor 
progression.   The  goal  of  this  research  is  to  match  specific  antibodies  to  a 
specific  stage  of  breast  cancer. 

Monoclonal  antibodies  that  may  be  useful  in  the  diagnosis  of  certain 
gastrointestinal  cancers  have  been  developed  by  NCI-funded  scientists  at  the 
Wistar  Institute.   Because  cancer  cells  are  shed  into  the  bloodstream  of 
patients,  monoclonal  antibodies  might  be  able  to  detect  cancer  cells  in 
patient  blood  samples.   The  monoclonal  antibodies  prepared  by  Wistar 
scientists  detected  antigens  in  blood  samples  from  23  of  33  patients  with 
advanced  colorectal  cancers,  but  not  in  the  blood  of  38  healthy  volunteers  or 
from  patients  with  noncancerous  bowel  disease. 

One  problem  with  using  antibodies  produced  from  mouse  hybridomas  in 
cancer  diagnoses  is  that  patients  who  receive  repeated  injections  develop  an 
allergic  reaction  to  the  foreign  mouse  proteins.   Many  research  laboratories 
are  concerned  with  developing  stable  lines  of  human  myeloma  cells  that  could 
replace  the  mouse  line  currently  used  in  the  hybridoma  partnership.   At  least 
seven  human  myeloma  cell  lines  have  been  developed.   They  are  being  evaluated 
for  many  important  properties,  such  as  their  stability  in  cell  culture.   To  be 
useful,  these  human  myeloma  cells  must  lack  the  ability  to  secrete  antibody, 
since  it  is  the  pure  antibody  from  the  other  partner — the  lymphocyte — that  is 
needed  to  react  with  the  cancer  cell.   This  year,  for  the  first  time,  several 
nonsecretor  human  myeloma  lines  became  available.   Whether  any  of  the  lines 
will  be  useful  for  making  human-human  hybridomas  remains  to  be  evaluated,  but 
research  on  this  problem  is  moving  rapidly. 

NMR  Imaging 

There  is  a  continuing  need  for  improved  and  safer  diagnostic  modalities. 
NCI  has  been  supporting  among  other  technological  programs  a  strong  effort  for 
many  years  in  the  development  and  evaluation  of  nuclear  magnetic  resonance 
(NMR)  imaging,  a  new  imaging  technique  that  can  provide  cross-sectional  images 
of  the  body  similar  to  x-ray  computed  tomography  (CT),  but  without  exposing  a 
patient  to  x-rays. 
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NMR  imaging  grew  out  of  NMR  spectroscopy  technology  used  by  chemists 
since  the  late  1940s  to  analyze  chemical  structure. 

The  NMR  imager  is  a  larger,  doughnut-shaped  electromagnet  that  perturbs 
the  spin  of  protons,  which  are  the  nuclei  of  hydrogen  atoms  in  tissues, 
aligning  them  in  the  direction  of  the  magnetic  field.   Additional  slightly 
varying  magnetic  fields  applied  in  different  directions  in  the  form  of  radio- 
frequency  pulses  cause  the  protons  to  absorb  energy  under  resonant  conditions. 
The  nuclei  tend  to  realign  themselves  in  the  field  at  different  rates  and  tend 
to  relax  back  to  their  original  alignments  gradually  at  different  relaxation 
rates.   When  the  nuclei  return  to  their  original  alignments,  they  reradiate 
the  absorbed  energy.   These  signals  can  be  converted  by  computer  into 
cross-sectional  images  of  the  body  (similar  to  x-ray  CT)  that  represent  the 
distribution  of  the  nuclei  as  well  as  the  environment  in  which  they  find 
themselves . 

The  key  to  the  use  of  NMR  imaging  in  cancer  diagnosis  is  that  the  nuclear 
magnetic  spins  relax  and  reradiate  energy  at  different  rates  that  are  related 
to  the  chemical  structure  and  biological  condition  of  the  surrounding  tissues. 
Abnormal  tissues  reradiate  at  different  rates  from  normal  tissues. 

In  a  recent  series  of  animal  studies,  NCI-funded  researchers  at  the 
University  of  California  at  San  Francisco  found  that  for  induced  cancers  in 
rats — including  hepatomas,  f ibromas ,  sarcomas,  and  adenocarcinomas — the 
relaxation  rates,  or  rates  at  which  the  nuclei  reradiate  absorbed  energy,  were 
different  from  those  in  normal  tissue.   The  longer  relaxation  times  seemed  to 
be  correlated  with  a  higher  water  content  of  the  tumors. 

The  accuracy  with  which  the  NMR  imager  can  display  anatomical  structures 
has  been  significantly  improved  in  the  past  year  with  more  sensitive  equip- 
ment, and  the  spatial  resolution  is  now  as  good  as  or  better  than  that  of  CT 
scanning.   In  addition  to  improving  resolution,  scientists  have  been  able  to 
create  higher-contrast  images  and  to  decrease  the  background  noise  in  the 
radiofrequency  signal. 

To  compare  the  accuracy  of  NMR  with  other  diagnostic  modalities,  the 
University  of  California  researchers  screened  250  persons,  about  a  third  of 
whom  were  known  to  have  cancer.   Preliminary  results  based  on  10,000  images 
indicate  that  in  many  cases,  NMR  was  as  good  as  or  better  than  CT  in 
displaying  tumors  and  other  structures. 

In  brain  tumor  patients,  NMR  imaged  many  small  tumors  that  CT  failed  to 
detect.   The  NMR  images  also  showed  more  anatomic  detail  and  a  clearer 
differentiation  between  white  and  gray  matter  than  did  CT.   Similar  results 
were  obtained  for  kidney  and  liver  tissues:   For  both  these  organs,  NMR  was 
slightly  better  than  CT  in  tumor  detection,  and  for  the  kidney,  NMR  was 
superior  to  CT  and  ultrasound.   NMR  images  of  the  male  pelvis  displayed  the 
bladder,  prostate,  and  rectum  much  better  than  did  CT  images.   These  are 
preliminary  results  on  a  limited  number  of  patients. 

One  unique  feature  of  NMR  is  that  cross-sectional  images  can  be  made  at 
any  angle  through  the  body.   For  example,  transaxial,  coronal,  and  sagittal- 
sectional  images  (slicing  the  body  lengthwise)  can  be  made  of  each  organ  or 
tissue,  and  a  computer  can  reconstruct  a  realistic,  three-dimensional  image. 
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CT  scanners,  on  the  other  hand,  can  only  make  cross-sectional  x-ray  views  at 
right  angles  to  the  longitudinal  axis  of  the  body  (that  is,  the  line  through 
the  body  from  head  to  toe) . 

NMR  can  also  provide  sharp,  high-contrast  images  without  the  use  of  con- 
trast agents — labeled  iodine  compounds  that  are  often  injected  into  patients 
before  a  CT  scan  to  produce  clearer  x-ray  images.   These  contrast  agents  may 
cause  swelling  and  tissue  irritation  and  in  extreme  cases  can  occasionally 
cause  anaphylactic  shock  and  death.   NMR  appears  to  be  safe  for  the  patient. 
In  recent  clinical  studies  in  the  United  States  and  Britain  involving  about 
1,000  patients,  no  adverse  effects  from  repeated  NMR  scans  were  reported. 

The  NCI  now  plans  to  compare  NMR  imaging  with  CT,  ultrasound,  and  other 
noninvasive  diagnostic  techniques  at  several  institutions  to  establish  the 
role  of  each  in  the  diagnosis  of  cancer  and  other  diseases.   Because  of  the 
recent  technical  improvements  in  NMR,  researchers  at  NCI  and  elsewhere  expect 
NMR  images  to  have  widespread  clinical  applications  within  the  next  decade. 
Feasibility  studies  have  already  given  excellent  images,  and  the  NMR  technique 
is  expected  to  be  the  subject  of  clinical  trials  to  test  its  effectiveness  in 
imaging  cancers  of  a  number  of  organs  that  are  hard  to  image  with  other 
techniques . 


RESEARCH 


Current  Activities 

In  research  to  improve  early  detection  procedures,  major  effort  is 
directed  toward  identifying  and  purifying  tumor  markers,  substances  in  the 
blood  or  urine  that  would  suggest  the  presence  of  cancer.   Such  a  substance 
may  be  a  protein,  hormone,  enzyme,  or  cancer-associated  antigen  related  to 
the  body's  immune  defense  system.   Several  such  markers  have  been  identified 
and  are  being  evaluated  for  their  usefulness  in  the  early  detection  of  cancer. 
Examples  are  carcinoembryonic  antigen  (CEA),  human  chorionic  gonadotropin 
(hCG) ,  and  alpha-fetoprotein  (AFP).   These  markers  cannot  yet  be  used  to 
screen  for  cancer  because  of  their  lack  of  specificity  and  sensitivity  and 
the  difficulty  in  defining  appropriate  high-risk  groups. 

During  the  past  several  years,  a  major  effort  has  been  devoted  to  the 
detection  of  antigens  associated  with  human  lung  cancer,  which  might  circulate 
in  the  blood  and  which  thereby  might  provide  a  basis  for  sensitive  detection 
of  lung  cancer  and  for  monitoring  of  lung  cancer  patients  for  early  recurrence 
of  their  disease.   Two  separate  protein  antigens  associated  with  human  lung 
cancer,  which  circulate  in  increased  levels  in  the  serum  of  lung  cancer 
patients,  were  identified.   It  has  been  possible  to  develop  sensitive  radio- 
immunoassays against  these  proteins,  showing  that  elevated  values  in  these 
assays  are  significantly  associated  with  patients  bearing  lung  tumors.   These 
assays  therefore  appear  quite  promising,  especially  for  use  in  the  diagnosis 
and  management  of  small-cell  lung  cancer. 

A  new  project  in  lung  cancer  markers  studies  has  recently  been  initi- 
ated.  It  will  involve  a  multi-institutional  collaborative  effort  using  the 
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resources  of  a  serum  bank  operated  by  the  NCI.   Availability  of  serum 
aliquots  from  the  same  lung  cancer  patients  will  enable  simultaneous 
determination  of  several  unrelated  tumor  markers  to  ascertain  by  appro- 
priate statistical  techniques  \*hether  using  a  combination  of  markers 
providing  a  profile  of  abnormal  change  might  improve  the  sensitivity  and 
specificity  of  the  tests  over  any  of  the  markers  used  alone. 

Discovery  of  the  steroid  hormone  receptor  proteins — proteins  that 
bind  estrogen,  progesterone,  or  other  hormones — has  been  a  significant 
advance  during  the  past  decade.   A  test  for  estrogen  receptor  protein  in 
breast  cancer  tissue  was  developed  that  determines  the  probability  of  a 
patient  responding  to  treatment  with  hormones.   About  two  thirds  of  patients 
whose  breast  cancers  contain  significant  amounts  of  estrogen  receptor  pro- 
tein can  be  expected  to  respond  to  hormone  therapy,  whereas  only  about  5  to 
10  percent  of  patients  with  receptor-negative  cancers  will  respond.  There- 
fore, overall  response  to  hormone  therapy  can  be  predicted  with  an  accuracy 
of  more  than  75  percent  on  the  basis  of  presence  or  absence  of  estrogen 
receptor. 

An  additional  finding  has  added  to  the  potential  value  of  the  estrogen 
receptor  assay.   In  most  series  of  patients,  the  presence  of  detectable 
receptor  in  primary  breast  cancer  tissue,  independent  of  other  prognostic 
variables  such  as  tumor  size  or  extent  of  cancer  in  the  axillary  (armpit) 
lymph  nodes,  correlates  with  a  prolonged  disease-free  period.   More  recent 
studies  involve  progesterone  receptor  protein,  which  also  shows  correlation 
with  lower  risk  of  recurrence.   The  relationship  between  these  two  receptors 
and  their  combined  relationship  to  clinical  outcome  is  under  extensive 
investigation. 

The  standard  biochemical  assay  methods  for  the  steroid  receptors  are 
complicated,  require  sophisticated  equipment,  and  need  an  appreciable 
amount  of  cancer  tissue.   A  number  of  research  projects  involve  attempts 
to  develop  simpler  methods  that  can  be  done  on  small  bits  of  tumor  or  even 
on  the  same  slides  that  are  prepared  for  histopathologic  diagnosis. 

The  National  Cancer  Institute  supports  numerous  projects  in  instru- 
mentation to  facilitate  detection  and  diagnosis.   Prototype  machines  in 
cytology  automation  are  being  evaluated;  they  are  being  developed  to  help 
read  the  many  specimens  obtained  in  Pap  test  screenings  for  uterine  cervical 
cancer.   A  new  cell  sorter  has  been  developed  that  looks  at  suspended  cells 
in  three  dimensions,  not  two,  as  did  previous  cell  sorters.   This  three- 
dimensional  viewing  allows  an  investigator  to  distinguish  cancer  cells  from 
normal  cells  more  accurately.   Studies  of  computerized  tomography,  the 
production  of  cross-sectional  x-ray  images  of  the  body,  constitute  an 
extremely  active  field  of  research  and  development. 

Imaging  techniques  that  do  not  involve  x-rays  are  under  study.   Ultra- 
sound is  one  of  the  most  promising  of  the  noninvasive  techniques.   Ultrasonic 
probes  to  be  inserted  through  endoscopes  (instruments  such  as  the  gastroscope 
that  are  useful  for  examination  of  inner  organs)  are  being  developed  to  facil- 
itate the  diagnosis  of  cancers  deep  in  the  body.   Endoscopic  ultrasonography 
is  being  explored  to  assist  detection  of  cancer  of  the  pancreas,  which  is 
particularly  difficult  to  diagnose  because  specific  symptoms  remain  vague 
until  the  disease  is  far  advanced. 
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Progress  in  the  technology  of  nuclear  magnetic  resonance  (NMR)  imaging 
has  made  cross-sectional  imaging  of  all  parts  of  the  body  possible,  without 
the  use  of  x-rays  or  other  ionizing  radiation.   These  images  now  provide 
spatial  resolution  of  less  than  1/8  inch,  with  the  expectation  that  less  than 
1/64  inch  will  soon  be  achieved.   This  precision  is  important  for  the  detec- 
tion of  extremely  small  tumor  nodules.   NMR  also  permits  the  characterization 
of  tissues  by  their  differing  chemical  composition  and  therefore  might  be  able 
to  identify  collections  of  cancerous  cells  without  the  need  for  a  biopsy 
confirmation. 

Current  research  activities  of  the  National  Organ  Site  Program — urinary 
bladder,  large  bowel,  pancreas,  and  prostate — are  described  below. 

Attempts  to  isolate  a  tumor-associated  antigen  from  the  urine  of  bladder 
cancer  patients  have  been  encouraging.   This  would  be  a  useful  technique  if 
an  inherent  problem  relating  to  denaturation  of  antigens  in  urine  can  be  over- 
come.  The  relationship  between  abnormal  chromosomes  and  an  increased  likeli- 
hood of  recurrence  of  bladder  cancer  has  been  established.   Efforts  are  being 
made  to  further  confirm  this  finding  and  to  develop  techniques  that  can  be 
more  readily  applied  to  the  clinical  setting.   Using  cytologic  techniques, 
abnormal  cells  of  in  situ  lesions  of  the  bladder  can  now  be  found  several 
years  before  lesions  can  be  detected  by  cystoscopy.   Studies  of  the  additional 
marker  of  pleomorphic  microvillae  are  being  carried  out  to  determine  how  use- 
ful this  characteristic  might  prove  to  be  for  cases  in  which  cytology  is 
suspicious  or  inconclusive. 

Work  on  the  diagnosis  of  bladder  cancer  addresses  the  development  of 
additional  modalities  such  as  scanning  electron  microscopy,  automated 
cytology,  and  the  hybridoma  technique.   The  latter  technique  is  being  used  in 
an  attempt  to  develop  an  assay  for  bladder  tumor-associated  antigens  in  the 
plasma  or  urine.   Antibodies  to  such  antigens  could  further  be  "tagged"  with 
radioactive  tracer  to  localize  tumors  definitively,  to  estimate  tumor  size, 
and  to  estimate  the  site  and  burden  of  metastases. 

In  an  effort  to  improve  the  accuracy  of  cytologic  diagnosis  of  bladder 
tumors,  one  group  of  investigators  has  attempted  to  automate  cytologic 
studies.   In  this  system,  exfoliated  cells  smeared  on  a  glass  slide  and 
stained  are  scanned  by  a  machine  that  feeds  the  information  into  a  computer. 
This  approach  has  demonstrated  that  an  automated,  computer-assisted  diagnostic 
evaluation  of  urinary  tract  status  may  indeed  be  feasible.   However,  the  costs 
and  processing  time  currently  associated  with  this  method  detract  from  its 
diagnostic  potential. 

An  alternative  and  perhaps  more  promising  technique  of  studying  bladder 
epithelial  cells  in  the  urine  uses  an  automated  flow-through  system,  which 
permits  the  analysis  of  large  numbers  of  cells  in  a  very  short  time.   With 
appropriate  staining  or  other  treatment  of  the  cells,  the  DNA  and  RNA  content 
and  other  characteristics  can  be  determined,  and  a  profile  of  the  cellular 
content  of  the  sample  can  be  prepared.   In  conjunction  with  this  analytic 
method,  a  cell  sorter  is  being  developed  that  would  permit  the  separation 
of  those  cells  identified  as  clearly  abnormal  or  neoplastic  in  appearance. 
This  process  would  permit  subsequent  analysis  of  selected  subpopulations  of 
cells.   Such  automated  means  of  studying  urinary  tract  cytology  should  help 
not  only  in  the  detection  and  diagnosis  of  bladder  tumors,  but  also  in 
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assaying  the  effect  of  therapy  on  tumor  cells,  in  assessing  immunoreactivity 
in  patients  with  tumors,  and  in  developing  experimental  studies  of 
carcinogenesis . 

Two  large  programs  now  in  their  seventh  year,  involving  populations  of 
22,000  and  47,000  people,  use  fecal  occult  blood  testing  in  investigating  the 
value  of  screening  standard-risk  patients  over  50  for  large  bowel  cancer.   The 
feasibility  of  identifying  patients  at  risk  for  colorectal  cancer  by  testing 
for  occult  blood  using  the  Hemoccult  II  slide  test  is  being  evaluated  in  a 
randomized  study. 

Establishing  the  criteria  and  the  value  of  screening  to  identify 
individuals  with  occult  neoplasms  should  lead  to  the  earlier  detection  of 
lesions  that  are  more  amenable  to  treatment.   Initial  results  indicate  that 
cancers  identified  by  screening  may  be  more  localized  and  therefore  more 
resectable  by  surgery  than  are  those  discovered  in  the  control  populations. 

It  was  demonstrated  that  CEA,  normally  localized  to  the  microvillus 
surface,  was  diffusely  distributed  over  colon  cancer  cells  and  that  the 
secretory  component,  normally  localized  to  the  basolateral  surface,  is 
diminished  in  amount  or  absent  in  colon  tumor  cells.   Therefore,  the  lack  of 
normal  polar  distribution  of  CEA  in  neoplastic  cells  may  have  clinical  as  well 
as  theoretical  implications  for  the  behavior  of  these  cells.   Tumor-extracted 
antigen  (TEX) ,  which  is  related  to  CEA,  has  been  identified  and  characterized, 
and  a  radioimmunoassay  specific  for  TEX  has  been  developed.   The  results  sug- 
gest that  TEX,  and  not  CEA,  is  the  antigen  responsible  for  the  often-observed 
CEA  elevations  in  smokers.   The  nature  of  the  carbohydrate  determinants  in  CEA 
has  been  more  clearly  defined  by  developing  a  polyethylene  glycol-based 
immunoassay.   Using  this  immunoassay,  elevated  levels  of  anti-Lewis  antibodies 
in  the  sera  of  cancer  patients  have  been  demonstrated  that  may  be  attributable 
to  exposure  to  abnormal  glycoproteins  on  malignant  cells. 

The  differential  effects  of  sodium  butyrate,  dimethyl  sulfoxide  (DMSO) , 
and  retinoic  acid  on  membrane-associated  antigens,  enzymes,  and  glycoproteins 
of  human  rectal  adenocarcinoma  cells  were  investigated.   They  reversibly 
caused  a  marked  increase  in  doubling  times,  a  decrease  in  saturation  densi- 
ties, and  a  markedly  reduced  colony-forming  efficiency  in  soft  agar,  suggest- 
ing that  these  agents  may  provide  useful  information  concerning  the  identifi- 
cation of  differentiation-associated  markers  of  human  rectal  cancer  cells. 
Tumor-specific  nuclear  antigen  appeared  in  the  early  stages  of  chemically 
induced  colon  carcinogenesis  and  was  abolished  by  simultaneous  treatment  with 
disulfiram  or  butylated  hydroxytoluene .   The  appearance  of  newly  expressed 
chromatin  proteins  accompanying  the  transition  from  normal  colon  cells  to 
tumors  may  help  to  develop  an  understanding  of  the  way  in  which  normal  cells 
are  reprogrammed  to  the  malignant  state. 

Considerable  effort  has  been  applied  to  the  establishment  of  tissue 
cultures  of  human  epithelial  cells  from  benign  colonic  tumors.   Replication  of 
epithelial  cells  from  the  most  benign  colonic  tumors  (tubular  adenomas)  was 
enhanced  by  epidermal  growth  factor  (EGF).   In  contrast,  EGF  did  not  stimulate 
the  growth  of  cells  from  the  villitubular  and  the  villus  adenoma,  which 
exhibit  more  malignant  potential,  suggesting  that  premalignant  colonic  epi- 
thelial cells  lose  responsiveness  to  growth  modulation  by  EGF  as  they  progress 
toward  frank  carcinoma. 
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In  a  continuing  effort  to  identify  high-risk  individuals  with  hereditary 
colorectal  cancer,  the  effects  of  phorbol  ester  (TPA)  and  EGF  on  prolifera- 
tion of  human  mutant  fibroblasts  have  been  studied  in  vitro.   The  results 
suggest  that  EGF  and  TPA  may  share  only  one  class  of  receptors  and  that  TPA 
may  be  used  to  monitor  cancer  progression.   Diagnostic  criteria  for  kindreds 
with  familial  polyposis  coli,  Gardner  syndrome  with  multiple  polyposis  coli, 
and  solitary  discrete  adenomas  of  the  colorectum  have  been  established  at  the 
phenotypic  (symptomatic)  level  and  at  the  cellular  level,  using  cell  culture 
differences,  chromosomal  markers,  sister  chromatin  exchange,  cell  trans- 
formation, and  cell  kinetics.   One  member  of  the  number  2  chromosome  pair 
carries  a  consistent  heteromorphism,  tentatively  identified  as  a  deletion,  in 
the  long  arm  at  ql4.3-21.3.   Further  studies  of  the  in  vitro  tetraploidy  in 
heritable  colon  cancer  syndromes  have  been  conducted.   Increased  in  vitro 
tetraploidy  appears  to  identify  neither  all  cancer-prone  genes  nor  a  single 
gene,  but  appears  to  be  the  in  vitro  expression  of  a  group  of  such  genes.   In 
many  of  these  studies,  lines  of  colonic  mucosa  have  been  established  in 
individuals  with  and  without  clinical  colon  cancer  or  a  genotype  of  one  of  the 
recognized  heritable  colon  cancer  syndromes. 

The  microleukocyte  adherence  inhibition  assay  is  being  evaluated  as  a 
potential  immunodi agnostic  test  for  pancreatic  cancer.   In  experimental 
studies,  this  assay  can  be  used  to  detect  pancreatic  carcinoma  and  to  distin- 
guish it  from  acute  pancreatitis,  other  forms  of  cancer,  and  the  normal  state. 

Results  of  investigations  suggest  that  the  Ijnnphocyte  hybridoma  tech- 
nique may  be  valuable  in  obtaining  monospecific  antibodies  for  the  detection 
and  characterization  of  prostatic  carcinoma-specific  antigens.   The  hybridoma 
technique  circumvents  many  of  the  problems  associated  with  xenogenic  immuni- 
zations, since  the  monoclonal  antibodies  represent  a  single  population  of 
antibody-combining  sites;  therefore,  the  potential  for  obtaining  truly 
monospecific  antibodies  is  great. 


Planned  Activities 

The  following  activities  are  among  those  that  will  be  emphasized  to 
advance  techniques  of  detection  and  diagnosis: 


•  Determining  the  accuracy  and  clinical  usefulness  of  histochemical 
methods  for  steroid  receptor  assay 

•  Developing  more  accurate  and  faster  noninvasive  diagnostic  methods, 
such  as  breath  analysis  for  lung  cancer,  to  detect  malignancies  at 
earlier  stages  in  high-risk  populations 

•  Refining  ultrasound  to  detect  gradual  tissue  gradations,  in  order  to 
detect  small  cancers  and  even  premalignant  conditions 

•  Investigating  the  area  of  NMR;  identifying  tissue  differences  that  may 
lead  to  noninvasive  imaging  of  the  body  organs 

•  Refining  further  a  combination  of  immunological  and  radiological 
methodologies  that  tag  monoclonal  antibodies  with  radioactive  labels 
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•  Identifying  and  evaluating  biophysical  probes  suitable  for  distin- 
guishing malignant  cells  for  automated  cytology 

•  Clinically  evaluating  available  automated  cytology  instruments 

•  Developing  new  classification  systems  for  cancer  that  take  into 
account  the  biochemical  characteristics  of  the  cancer  cells  as  well  as 
their  appearance  under  the  microscope 

•  Developing  heavy-ion  mammography,  which  has  the  potential  to  delineate 
nonpalpable  tumor  masses  with  greater  contrast  than  that  provided  by 
conventional  x-ray  mammography 

•  Instituting  clinical  trials  of  transillumination  or  diaphanography , 
which  involves  the  use  of  an  intense  source  of  light  to  visualize  the 
inside  of  the  breast 

•  Developing  reflectance  spectroscopy  as  a  noninvasive  method  to  measure 
quantitative  changes  in  the  composition  of  breast  tissue 

•  Refining  computed  tomography  for  the  early  detection  and  diagnosis  of 
breast  cancer 

•  Developing  new  prognostic  and  monitoring  markers  for  cancer  that  could 
be  used  to  estimate  survival  and  to  evaluate  treatment. 


The  planned  research  activities  of  the  National  Organ  Site  Program  are 
described  below. 

The  question  of  whether  a  cell-mediated  cytotoxicity  exists,  common  to 
many  or  all  bladder  cancers,  cannot  be  conclusively  answered  with  present 
methods,  but  techniques  relevant  to  cell-mediated  cytotoxicity  are  developing 
rapidly  enough  so  that  worthwhile  projects  will  be  continued.   This  research 
relates  not  only  to  detection  and  diagnosis  but  also  to  understanding  and 
treating  this  disease. 

The  National  Large  Bowel  Cancer  Project  will  focus  on  identifying  and 
characterizing  high-risk  individuals,  for  example,  patients  with  familial 
polyposis  coli  or  hereditary  adenomatosis  of  the  colon  and  rectum  (ACR) ,  an 
autosomal  dominant  trait.   It  has  been  demonstrated  that  transformation- 
related  phenotypic  expressions  in  skin  fibroblasts  derived  from  normal- 
appearing  biopsies  of  tumor-prone  and  tumor-bearing  individuals  with  ACR  are 
extensive.   Perturbation  of  these  cells  by  tumor  viruses  or  tumor  promoters 
might  aid  in  elucidating  the  mechanisms  involved  in  the  control  of  tumori- 
genicity  and  in  the  analysis  of  genetic  predisposition  to  cancer  in  humans. 
Markers  of  colonic  differentiation  will  be  sought,  and  efforts  will  be 
directed  at  developing  monoclonal  antibodies  and  molecular  cloning  of  cDNA  for 
CEA  and  CEA-related  antigens,  and  at  establishing  normal  human  colonic  mucosal 
cell  lines. 

The  National  Pancreatic  Cancer  Project  will  give  priority  to  purifying 
enzymes  specific  for  ductal  cells.   Most  human  pancreatic  cancers  are  of 
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ductal  origin,  and  identification  of  an  enzyme  marker  to  be  used  in  tumor 
detection  probably  will  depend  upon  knowledge  of  the  biochemistry  of  ductal 
epithelium.   At  least  two  enzymes  specific  to  ductal  cells,  carbonic  anhydrase 
and  glutamyl  transpeptidase,  are  already  known. 

The  most  useful  marker  for  pancreatic  cancer  would  be  located  in  blood, 
but  marker  levels  in  pancreatic  juice  are  also  under  study.   Since  CEA  and 
other  tumor-associated  antigens  are  found  in  pancreatic  cancer,  it  is  desir- 
able to  study  the  glycosylating  enzymes  in  the  ductal  cells,  pancreatic 
tissue,  pancreatic  juice,  and  blood,  and  to  ascertain  any  relationship  between 
the  activities  of  these  enzymes  and  the  presence  of  tumor-associated  antigens 
such  as  CEA.   Marker  enzymes  need  to  be  studied  to  determine  whether  they  or 
their  isozjnnes  are  specific  for  pancreatic  tissue  or  for  pancreatic  cancer. 
Immunoassays  should  be  developed, 

A  planned  area  of  research  relates  to  appropriate  evaluation  of  various 
diagnostic  techniques.   Examples  include  more  accurate  evaluation  of  percuta- 
neous pancreatic  biopsy,  endoscopic  retrograde  cannulation  of  the  pancreatic 
duct,  cellular  material  obtained  from  pancreatic  juice,  newer  radiologic 
techniques  for  pancreatic  evaluation,  CT  scan,  ultrasound,  and  radionuclide 
concentration  imaging.   Studies  of  the  function  of  the  pancreas  are  designed 
to  determine  substances  that  might  be  sequestered,  taken  up,  or  secreted. 
These  could  then  be  used  as  diagnostic  aids,  as  a  valuable  means  for  testing 
pancreatic  function,  and  for  detecting  abnormalities  before  the  stage  at  which 
diagnosis  is  now  usually  made. 

A  continuing  research  emphasis  will  be  the  development  and  application 
of  radiologic  methods  to  diagnose  pancreatic  disease.   Improvements  may  be 
forthcoming  in  angiographic  techniques  using  more  sophisticated  instrumenta- 
tion.  Nuclear  scanning  of  the  pancreas  has  not  been  of  great  value;  however, 
with  improvements  in  computer  technology,  significant  breakthroughs  may  be 
accomplished  in  the  future.   CT  scanning  has  not  fulfilled  its  initial 
promise,  but  there  are  suggestions  of  improvement  in  this  technology. 
Sonography  has  been  in  widespread  use  for  5  years,  but  many  improvements 
remain  to  be  made.   Continued  research  to  facilitate  the  application  of 
ultrasound  technology  to  practice  will  be  a  priority. 

The  National  Prostatic  Cancer  Project  will  conduct  studies  dealing  with 
earlier  detection  and  more  accurate  diagnosis  of  the  stage  (clinical  and 
pathological)  of  prostate  cancer  and  with  the  response  to  therapy.   Many  of 
these  studies  will  involve  new  techniques  that  have  evolved  from  basic 
advances  in  tumor  immunology.   In  addition,  research  aimed  at  improving  the 
precision  of  predicting  the  biological  potential  of  both  newly  diagnosed 
tumors  and  those  undergoing  therapy  will  be  implemented.   Priority  areas  for 
the  upcoming  year  are:   biochemical  and  other  markers  for  detection  of 
patients  with  prostatic  cancer,  evaluation  of  noninvasive  imaging  techniques 
for  the  detection  of  prostatic  cancer,  development  of  morphologic  definition 
of  lesions  associated  with  and  precursor  to  the  development  and  progression 
of  adenocarcinoma  of  the  prostate,  evaluation  of  the  use  of  histochemical 
techniques  for  the  localization  of  receptors  and  other  binding  proteins  in  the 
prostate  gland,  comparison  of  new  analytical  methods  of  prostate  cancer  detec- 
tion, cytogenetics  of  prostate  cancer,  development  of  human  hybridoma  to 
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prostatic  cancer  by  fusing  human  prostatic  cells  with  human  myeloma  lines,  and 
kinetics  of  prostatic  carcinoma. 
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Current  Activities 

Cancer  screening  studies  use  those  techniques/tests  and  concentrate  on 
those  cancer  sites  for  which  it  has  been  shown  that  early  detection  may  be 
associated  with  reduced  morbidity  and  mortality.   Screening  includes  studies 
and  strategies  for  reaching  populations  at  risk,  methods  of  implementing 
programs  within  the  health  care  delivery  system,  development  of  proven  tech- 
niques and  tests,  and  promotion  of  those  techniques  to  medical  practitioners 
through  education  and  demonstration  programs. 

Active  screening  in  the  Breast  Cancer  Detection  Demonstration  Project, 
which  ended  in  March  1981,  provided  the  opportunity  for  up  to  five  annual 
screening  visits  for  approximately  280,000  women.   A  descriptive  paper  on  the 
data  base  generated  by  that  program  was  published  in  July  1982  (see  Accom- 
plishments).  Data  correction,  validation,  and  analysis  will  continue  until 
September  of  1983.   Several  publications  are  anticipated  from  the  analyses 
of  the  data  during  the  next  year. 

A  long-term  followup  was  designed,  approved  in  1978,  and  implemented 
in  January  of  1980  to  gather  health  status  information  on  approximately 
65,000  women  who  had  participated  in  the  breast  cancer  screening  program. 
The  followup  was  planned  for  5  years,  with  annual  contact  by  mail  and 
telephone  of  a  population  that  included  4,274  breast  cancer  cases; 
25,072  cases  of  benign  breast  disease  determined  by  biopsy  or  aspiration; 
25,169  normal  controls  matched  to  the  benign  cases  by  age,  date  of  entry 
in  the  program,  geographic  location  of  the  project  where  screening  was  done, 
and  race;  and  9,685  women  for  whom  surgical  referrals  were  made  by  the 
screening  project  but  for  whom  biopsies  were  not  performed.   Twenty-eight 
interview  projects  have  been  established  along  with  a  central  Data  Management 
and  Analysis  Center.   The  earliest  projects  established  are  in  their  third 
year;  more  recently  established  projects  are  early  in  their  second  year. 
To  date,  a  response  rate  of  98  percent  has  been  maintained  on  interviews. 

A  study  to  determine  the  predictive  value  of  the  Wolfe  classification 
of  mammograms  is  in  its  third  year.   Preliminary  reports  indicate  that 
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reliability,  validity,  consistency,  and  reproducibility  can  be  achieved  among 
radiologists  to  classify  mannnograms  into  various  patterns.   An  atlas  of 
Wolfe's  classification  patterns  has  been  developed. 

A  5-year  contract  was  awarded  to  Vanderbilt  University  to  support  the 
establishment  and  operation  of  the  Pathology  Quality  Control  System  for  the 
Breast  Cancer  Detection  and  Demonstration  Project  (PQCS  and  BCDDP).   The  goal 
of  this  project  was  to  provide  in  retrospect  a  cytologic,  quality  control 
resource  for  verification  of  the  breast  cancer  cell  types  for  the  BCDDP. 

The  contract  was  extended  through  1982  to  maintain  a  repository  of  slides 
as  a  study  resource.   The  pathology  review  program  began  3  years  later  than 
screenings  for  the  BCDDP.   The  basic  objective  was  to  provide  hierarchical 
review  and  standardization  of  procedures,  criteria,  and  terminology  of  the  diag- 
noses of  lesions  that  were  biopsied  or  excised  to  validate  the  BCDDP  detection 
process  and  to  permit  comparability  and  analyses  of  results  among  projects. 

A  total  of  19,036  cases  were  reviewed  during  the  period  of  active 
screening,  which  ended  in  March  1981,  and  were  submitted  for  central  review  to 
the  PQCS  principal  investigator.   Of  these,  16,189  were  reaffirmed  as  benign; 
2,775  were  confirmed  as  carcinoma  (533  in  situ,  and  2,242  invasive);  and 
72  were  incomplete  when  the  review  contract  ended. 

The  NCI  is  currently  interested  in  testing  whether  breast  self- 
examination  (BSE)  is  an  effective  screening  strategy  for  detecting  signs  of 
early  breast  cancer  and  for  achieving  reduced  mortality  from  this  disease. 
Currently,  a  study  is  under  way  to  prospectively  analyze  the  stage  of  disease 
at  diagnosis  and  eventual  mortality  rates  in  a  statewide  population  of  women 
who  have  received  similar  instruction  for  BSE.   Frequency  of  BSE  practice  will 
be  examined  as  it  relates  to  stage  of  diagnosis  and  eventual  survival  rates  in 
subgroups  of  women.   Early  reports  from  this  study  suggest  retrospectively 
that  women  who  practice  BSE  more  frequently  tend  to  be  diagnosed  at  an  earlier 
stage  of  disease.   This  finding  held  up  for  all  groups  of  women  when  these 
groups  were  stratified  by  age.   Concurrently  with  this  population-based  study 
to  examine  the  efficacy  of  BSE  as  a  screening  technique,  a  number  of  other 
projects  are  being  supported  that  aim  to  differentially  assess  the  effec- 
tiveness of  various  intervention  techniques  for  motivating  subgroups  of 
women  to  practice  BSE. 

The  program  for  gynecologic  cancer  has  supported  projects  for  the  study 
of  cervical  and  endometrial  cancers,  cancers  related  to  trophoblastic  disease, 
and  cancer  and  other  abnormalities  associated  with  in  utero  diethylstilbestrol 
(DES)  exposure.   The  largest  of  the  above  studies  was  the  State/Territorial 
Health  Department  Cervical  Cancer  Screening  Program,  followed  by  studies  of 
the  anomalies  found  in  females  exposed  to  DES  in  utero.   The  trophoblastic 
disease  program  had  as  its  goal  to  enhance  the  availability  of  quality  care 
for  women  with  malignant  trophoblastic  disease  and  to  increase  the  efficacy  of 
detecting  endometrial  cancers  and  their  precursors  in  asymptomatic  women. 

The  outcomes  of  the  above  studies  have  been  varied  in  terms  of  definitive 
answers  and  quantitative  findings.   The  study  for  the  assessment  of  techniques 
for  detecting  endometrial  cancer  provided  data  recommending  endometrial  aspi- 
ration as  a  method  of  choice.   It  also  provided  answers  on  the  most  effective 
fixative(s)  for  the  clinical  tissue  samples.   The  trophoblastic  disease 
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programs  have  provided  tangible  services  to  physicians  in  two  U.S.  regions  in 
the  form  of  hormone  assays  for  the  monitoring  of  patients  with  trophoblastic 
disease.   Laboratory  studies  also  undertook  to  identify  unique  macromolecules 
whose  presence  might  serve  as  predictive  markers.   The  positive  effect  of 
these  studies  has  been  based  on  the  willingness  of  local  physicians  to  avail 
themselves  of  the  clinical  and  laboratory  expertise  provided  by  the  two 
centers,  and  on  their  interest  in  participation  as  a  whole.   During  the  final 
year  of  study,  more  information  on  the  effectiveness  of  the  program  should 
become  available. 

The  DES  Study  is  directed  toward  an  understanding  of  the  effects  of  DES 
exposure  in  utero.   Five  study  centers — the  Baylor  College  of  Medicine; 
Massachusetts  General  Hospital;  Gundersen  Clinic  in  LaCrosse,  Wisconsin;  and 
the  University  of  Southern  California — have  collected  data  through  yearly 
physical  examinations  on  more  than  4,000  daughters  of  women  who  took  DES 
during  pregnancy.   Analysis  of  data  from  this  project  continues,  and  a  number 
of  journal  articles  have  been  published.   Papers  published  in  1979  describe 
the  major  findings  as  vaginal  epithelial  changes  and  other  pathologic  lesions. 
The  first  paper  dealt  mainly  with  the  frequency  and  duration  of  vaginal 
lesions.   The  second  major  paper  discussed  the  pathologic  findings,  which 
ranged  from  adenosis  to  clear-cell  cancer,  based  on  a  survey  of  several 
thousand  biopsy  specimens.   At  this  time  in  the  analysis,  the  relation  of 
adenosis  to  clear-cell  cancer  remains  tentative.   However,  there  is  now  a 
clear  indication  that  the  DES-exposed  daughters  are  at  higher  risk  of 
developing  squamous  neoplasia  of  the  vagina  and  cervix. 

In  addition,  cooperating  institutions  have  prepared  two  publications  for 
physicians:   Prenatal  Diethylstilbestrol  (DES)  Exposure:   Recommendations  of 
the  DESAD  Project  for  the  Identification  and  Management  of  Exposed  Individu- 
als ,  and  a  descriptive  atlas  entitled  Consequences  of  Intrauterine  Exposure  to 
Diethylstilbestrol  in  the  Human  Female.   For  the  public  concerned  about  such 
DES  exposure,  NCI's  Office  of  Cancer  Communications  has  written  two  publi- 
cations and  distributed  hundreds  of  thousands  of  copies:   Were  You  or  Your 
Daughter  or  Son  Born  After  1940?  and  Questions  and  Answers  About  DES  Exposure 
During  Pregnancy  and  Before  Birth. 

The  Cervical  Cancer  Screening  Program  is  directed  toward  reducing  mor- 
bidity and  mortality  from  invasive  cancer  of  the  cervix  through  Papanicolaou 
(Pap)  examinations.   So  far,  data  on  more  than  1,044,971  women  have  been 
collected  through  the  program.   Analyses  of  these  data  are  in  progress. 

The  relationship  between  endometrial  cancer  and  estrogen  replacement 
therapy  in  postmenopausal  women  has  been  studied.   Investigations  at  the 
University  of  Denver  confirmed  that  the  changes  in  cancer  incidence  rates  are 
inversely  related  to  the  rate  of  estrogen  prescriptions.   An  annotated  bibli- 
ography was  completed  and  was  widely  distributed  to  health  care  professionals 
in  Denver.   Another  project,  studying  educational  approaches  to  endometrial 
cancer,  is  being  carried  out  by  the  New  York  State  Health  Department  as  a 
demonstration  education  program;  it  includes  a  retrospective  study  of  the 
causes  of  the  sharp  decline  in  estrogen  prescriptions  since  1977  and  a 
population  survey  of  the  symptoms  of  perimenopausal  women. 

A  collaborative  study  involving  three  institutions — Memorial  Sloan- 
Kettering,  Johns  Hopkins  University,  and  the  Mayo  Foundation — has  as  its  goals 


152 


to  test  new  methods  for  diagnosis  of  early  lung  cancer  and  to  assess  survival 
of  patients  with  lung  cancer  detected  by  these  methods.   The  three  studies  are 
operated  independently  but  with  frequent  interchange  of  information  and 
several  meetings  during  the  year. 

Recruitment  for  the  Memorial  Sloan-Kettering  Cancer  Center  National  Lung 
Program  was  completed  in  January  1978.   The  total  enrollment  is  10,040. 
Participants  were  randomly  assigned  to  the  study  group  (4,969),  receiving 
annual  chest  x-rays  and  four  monthly  sputum  examinations,  and  to  the  control 
group  (5,071),  receiving  annual  x-rays  only.   A  total  of  188  confirmed  lung 
cancers  have  been  identified  so  far — 94  in  the  study  group  and  94  in  the 
control  group.   The  principal  mode  of  detection  in  the  study  group  was  by 
cytology  in  19  cases,  x-ray  in  48  cases,  and  both  techniques  in  7  cases.   A 
total  of  10,828  men  have  been  enrolled  in  the  Johns  Hopkins  project,  of  whom 
5,407  were  randomized  into  the  control  group  and  5,421  into  the  study  group. 
To  date,  609  have  died,  while  1,316  have  withdrawn  from  the  study  or  have 
moved  from  the  area.   Currently,  8,463  remain  as  active  participants — 
4,289  in  the  control  group  and  4,174  in  the  study  group.   At  the  initial 
screening,  74  cancers  were  detected  (39  in  the  control  group  and  35  in  the 
study  group).   In  the  study  group,  there  were  12  cases  detected  (15  percent) 
in  Stage  0  and  28  (35  percent)  in  Stage  I.   In  the  control  group,  no  cases 
were  detected  in  Stage  0;  33  (37  percent)  were  detected  in  Stage  I.   At  the 
Mayo  Foundation,  4,618  individuals  were  entered  into  the  study  group  and 
4,593  into  the  control  group.   In  the  study  group,  there  were  110  new  lung 
cancers  (12  of  which  were  detected  by  cytology  only)  and  51  lung  cancer 
deaths . 

Further  observation  and  prolonged  followup  of  these  screenees  are 
essential  before  final  conclusions  and  specific  recommendations  will  be 
possible.   As  incidence  cases  continue  to  accrue,  more  detailed  analyses  of 
data  are  becoming  feasible.   Particular  attention  is  currently  being  directed 
toward  evaluation  of  the  results  of  screening  by  cell  type  of  tumor  and  by 
modality  of  detection.   The  postsurgical  American  Joint  Commission  Stage  I 
Lung  Cancer  Study  indicates  that  69  percent  of  those  with  non-small-cell 
cancer  survive  5  years. 


Planned  Activities 

The  National  Polyp  Study  is  a  project  to  determine  the  benefits,  risks, 
and  costs  of  a  surveillance  program  for  patients  who  have  had  polyps  removed. 
Seven  study  groups  are  coordinated  by  the  Memorial  Sloan-Kettering  Cancer 
Center.   Their  overall  objectives  are  to  determine  the  best  method  and  inter- 
val of  followup  for  patients  who  have  had  polypectomy,  using  a  randomized 
design.   The  results  of  examination  by  barium  enema  air  contrast  x-ray 
(pneumocolon)  and  colonoscopy  will  be  compared.   The  role  of  the  fecal  occult 
blood  test  will  also  be  evaluated.   The  overall  benefit,  costs,  and  risks 
in  the  two  modality  arms  of  the  study  will  be  compared.   Present  medical 
practice  varies  in  the  recommendation  of  frequency  and  method  of  followup 
examination.  This  study  will  attempt  to  answer  the  following  questions: 

•   Should  an  annual  examination  be  performed  routinely  after  polypectomy, 
or  should  it  be  done  every  3  years? 
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•  Should  both  1-year  and  3-year  screenings  for  polyps  be  carried  out? 

•  If  either  x-ray  or  endoscopy  is  to  be  performed  as  the  primary 
followup  examination  method,  which  should  it  be,  or  should  both  be 
done  at  each  contact? 

•  What  is  the  value  of  the  fecal  occult  blood  test  on  an  interval 
examination? 


In  addition  to  recommendations  on  the  best  method  of  followup,  data  will 
be  gathered  prospectively  on  the  natural  history  of  adenomatous  polyps.   The 
natural  history  will  be  correlated  with  age,  family  history,  and  number  and 
histology  of  adenomas.   Detailed  uniform  pathology  is  being  obtained  on  all 
adenomas.   Patients  have  been  enrolled  in  this  study  for  approximately  1  year. 
One  of  the  most  significant  problems  has  been  an  unexpectedly  low  enrollment 
level  to  date.   Methods  of  increasing  the  enrollment  are  being  addressed  in 
the  seven  study  groups . 

Before  the  initiation  of  mass  screening  programs  using  stool  occult 
blood  testing,  improved  survival  rates  in  screened  individuals  should  have 
been  demonstrated.   More  information  is  needed  about  net  margin  of  benefit 
to  health  in  comparison  with  costs  and  risks  entailed  in  the  further  study 
of  positive  occult  blood  reactions  by  barium  enema  and  endoscopy.   Many 
of  these  screened  individuals  are  found  to  have  benign  polyps  in  the  colon. 

Patient-initiated  behaviors  in  screening  and  early  detection  is  of  interest. 
A  Working  Group  on  Behavioral  Aspects  of  Screening  and  Detection  is  planned  to 
assess  current  knowledge  and  research  needs  related  to  this  topic.   A  project  is 
also  planned  to  assess  reasons  for  differences  in  treatment  outcome  in  minority 
and  white  population  subgroups,  and  whether  these  differences  can  be  attributed 
to  patterns  of  health  behavior,  to  health  services  availability  and  utilization, 
to  diagnosis  and  staging  factors,  or  to  any  of  a  number  of  host  differences. 

In  the  long-term  followup  of  the  Breast  Cancer  Detection  Demonstration 
Project,  extensive  analysis  will  begin  to  determine  whether  the  5-year  period 
of  followup  will  be  sufficient  to  obtain  optional  information  from  the 
cohorts.   This  followup  will  provide  an  excellent  opportunity  to  determine 
estimates  of  risk  for  breast  cancer  and  will  provide  detailed  information  on 
the  biology  and  natural  history  of  breast  disease  for  specific  defined  groups 
within  a  screened  population. 

Continuation  of  the  study  to  determine  the  predictive  value  of  the  Wolfe 
classification  of  mammograms  will  include  an  attempt  to  apply  this  training 
among  community  radiologists  and  to  explore  a  possible  relationship  between 
estrogen  use  and  the  presence  of  calcifications  in  mammograms. 

In  the  concluding  months  of  the  Diethylstilbestrol  Adenosis  (DESAD) 
Project,  continuing  emphasis  will  be  given  to  the  analysis  of  collected  data. 
Additional  analyses  may  permit  more  definitive  statements  about  vaginal 
epithelial  changes  (adenosis),  pathologic  findings,  and  the  natural  history  of 
the  effects  of  DES  exposure  before  birth.   Analysis  is  also  under  way  of  those 
covariants  that  might  describe  a  population  of  DES-exposed  women  at  high  risk 
for  the  development  of  squamous  neoplasia. 
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The  Educational  Approaches  to  Endometrial  Cancer  Study,  being  performed 
by  the  New  York  State  Health  Department  to  examine  the  causes  for  the  sharp 
decline  in  estrogen  prescriptions  since  1977  (and  coincident  with  it,  the 
decline  in  endometrial  tumors),  will  be  continued  and  is  expected  to  be 
completed  in  FY  1983. 

The  colorectal  cancer  screening  study  in  Minnesota  completed  the  screen- 
ing phase  in  1982.   The  study  will  then  comprise  a  long-term  followup  of  the 
entire  study  population  and  data  analysis  to  determine  eventual  mortality  in 
the  screened  and  control  groups. 

Attention  will  also  be  given  to  the  prevention  activities  carried  out 
within  the  health  care  system.   Studies  will  address  the  feasibility  and 
effectiveness  of  secondary  screening  provided  through  "in-reach"  activities 
(that  is,  screening  for  cancer  patients  who  are  passing  through  the  system  for 
other  purposes). 


FY 

82 

83 

84 

85 

86 

87 

88 

Projected  Funding* 

9.5 

9.5 

9.1 

6.4 

5.0 

5.8 

6.6 

'Millions  of  Dollars 

Projected  Funding  —  NCI  Detection  and  Diagnosis  Control  Activities 
RESOURCES  AND  SUPPORT 


Current  Activities 

Serum  banks  are  now  being  maintained  in  which  serum  specimens  (along  with 
appropriate  clinical  information)  will  be  stored  for  use  in  evaluating  new  tests 
for  the  presence  of  markers.   The  banks  include  specimens  from  apparently  normal 
volunteers,  from  patients  with  benign  disease,  and  from  cancer  patients. 

Data  Management  and  Analysis  Centers  for  collecting,  editing,  storing, 
and  reporting  on  data  obtained  in  the  breast,  lung,  and  cervical  cancer 
screening  programs  are  being  maintained. 

Information  services  on  cancer  detection  and  diagnosis  are  provided  by 
the  International  Cancer  Research  Data  Bank  (ICRDB)  Program.   The  ICRDB 
collects,  processes,  and  disseminates  abstracts  of  papers  dealing  with  all 
aspects  of  cancer  biology,  from  diagnosis  and  treatment  of  specific  cancers  to  . 
the  use  of  immunological  parameters  and  biological  markers,  radiology,  and 
nuclear  medicine  in  cancer  diagnosis. 

The  Centers  for  Radiological  Physics  organized  several  workshops  or  edu- 
cational symposia  in  their  regions  during  the  past  year.   The  majority  were 
devoted  to  dosimetry,  ultrasound,  computer  tomography,  quality  assurance  in 
diagnostic  radiology,  and  use  of  thermoluminescent  dosimeters.   The  Centers  are 
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also  implementing  a  survey  of  computerized  tomography  (CT)  scanning  techniques 
in  selected  facilities  to  measure  dosimetry  in  various  diagnostic  procedures. 

Research  training  in  detection  and  diagnosis  is  supported  by  the  NCI. 
Projects  are  supported  throughout  the  country  and  include  predoctoral  and 
postdoctoral  trainees  and  fellows  in  diagnostic  radiology  and  imaging,  cell 
biology,  immunology,  biochemistry,  pathology,  and  endocrinology.   In  FY  1982, 
the  distribution  of  awards  was  as  follows: 


Institutional  Fellowship  Trainees 
(Training  Grants) 

Individual  Postdoctoral  Fellowships 

Research  Career  Development  Awardees 

Total 


Predoctoral 

PO£ 

>tdoctoral 

Dollars 

46 

64 

$1,385,000 

13 

224,000 

9 

351,000 

46 

86 

$1,960,000 

Efforts  are  being  made  to  ensure  that  all  medical  and  dental  students 
receive  instruction  in  the  detection  and  diagnosis  of  a  variety  of  cancers. 
This  emphasis  is  particularly  important  in  medical  schools  in  which  the 
curricula  include  many  electives.   Many  institutions  are  developing  "core" 
curricula  of  required  cancer  instruction  to  ensure  that  essential  teaching 
regarding  all  aspects  of  cancer,  including  detection  and  diagnosis,  is  not 
neglected.   In  dental  schools,  cancer  education  is  directed  toward  ensuring 
that  every  graduate  can  detect  and  diagnose  cancer  of  the  head  and  neck, 
particularly  cancer  of  the  oral  cavity. 

Planned  Activities 

Data  Management  and  Analysis  Centers  will  handle  data  from  the  long-term 
followup  of  participants  in  the  breast,  lung,  and  cervical  cancer  screening 
programs . 

Conferences  on  cancer  screening  are  planned  to  update  the  state  of  the 
art  for  its  possible  application  to  occupational  cancer. 

Resources  and  support  for  detection  and  diagnosis  activities  will 
continue  to  be  provided  through  NCI  Cancer  Center  Support  (Core)  Grants  and 
construction  awards. 


FY 

82 

83 

84 

85 

86 

87 

88 

Projected  Funding* 

11.5 

11.6 

14.9 

16.8 

18.2 

19.9 

21.6 

'Millions  of  Dollars 


Projected  Funding  —  NCI  Detection  and  Diagnosis  Resources  and 
Support  Activities 
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CHAPTER  VII 

TREATMENT,  REHABILITATION,  AND  CONTINUING  CARE 

MAJOR  ACCOMPLISHMENTS  FOR  FY  1982 


Research  on  the  treatment  of  cancer  includes  the  development  and 
evaluation  of  new  and  improved  methods  for  the  control  and  cure  of  this 
disease.   Various  modalities  of  therapy,  including  surgery,  radiotherapy, 
chemotherapy,  and  biologic  response  modification,  are  being  explored  in 
NCI-supported  studies  at  clinical  research  centers  around  the  United  States 
and  in  a  number  of  foreign  countries.   In  addition,  NCI  disseminates  cancer 
treatment  research  results  through  scientific  publications,  a  clinical  trials 
network,  consensus  conferences,  training  programs,  international  agreements, 
and  demonstration  projects  at  community  hospitals. 

Of  the  estimated  785,000  patients  diagnosed  with  serious  cancers   each 
year  in  the  United  States,  at  least  45  percent,  or  about  350,000,  are  now 
curable.   This  statistic  comes  from  the  most  recent  5-year  relative  survival 
data  collected  by  the  NCI  SEER  network  of  tumor  registries  (see  also  Accom- 
plishments, Chapter  V) ,  and  is  a  measure  of  the  success  of  current  treatment 
approaches.   Relative  survival  is  defined  as  the  probability  of  escaping 
death  due  to  cancer.   Except  for  cancers  of  the  breast,  prostate,  and  kidney, 
5-year  survival  is  a  reliable  indicator  of  the  probability  of  cure  in  cancer 
patients . 

Most  of  the  785,000  patients — the  NCI  estimates  214,000  of  them — are 
curable  by  surgery  alone,  because  their  cancer  had  not  spread  beyond  the  local 
tumor  at  the  time  they  were  diagnosed.   Another  90,000  are  curable  with  the 
combination  of  surgery  and  radiation  therapy,  and  46,000  by  combining  systemic 
treatment  with  anticancer  drugs  with  surgery  and/or  radiotherapy. 

Although  the  46,000  Americans  curable  each  year  with  chemotherapy  (either 
alone  or  in  combination  with  surgery  and/or  radiation  therapy)  may  seem  a 
modest  number,  the  conceptual  advance  that  number  reflects  is  one  of  the  great 
dramas  of  modern  medicine.  Just  30  years  ago,  none  of  these  patients  had  a 
chance  of  surviving  their  cancer  because  there  were  no  anticancer  drugs  avail- 
able. Moreover,  each  year,  "fine-tuning"  of  already  established  practices  and 
principles  produces  significant  increments  in  survival  figures. 

The  most  dramatic  progress  has  occurred  in  the  treatment  of  acute  lympho- 
cytic leukemia  and  other  childhood  cancers — now  60  percent  curable — the 


1.   Excluded  are  early  skin  and  cervical  cancers,  which  are  nearly  100  percent 
curable. 
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lymphomas,  testicular  cancer,  and  breast  cancer.   Significant  recent  progress 
has  also  been  made  in  the  treatment  of  lung,  rectal  and  ovarian  cancer,  soft 
tissue  sarcomas  and  acute  myelocytic  leukemia  in  adults.   Advances  in  support- 
ive care — new  antibiotics  and  blood  transfusions,  nutritional  intervention, 
and  bone  marrow  transplantation — assuage  the  toxic  effects  of  cancer  therapy 
and  have  also  contributed  to  this  very  significant  progress. 


Cancer  Treatment  in  the  Community 

A  major  change  in  medicine  over  the  past  decade  has  been  the  training  of 
a  cadre  of  physician  specialists  in  oncology.   This  was  largely  the  result  of 
increased  funding  and  training  opportunities  made  available  through  the 
National  Cancer  Act  of  1971.   In  that  year,  fewer  than  100  physicians  special- 
ized in  the  field  of  medical  oncology.   Today,  it  is  the  third  largest 
specialty  in  the  field  of  internal  medicine,  with  more  than  1,800  physicians 
board-certified  and  practicing  in  communities  throughout  the  United  States. 
In  addition,  the  number  of  physicians  who  practice  radiation  therapy  full 
time  increased  from  77  in  1968  to  more  than  1,400  in  1980.   This  seeding  of 
communities  with  physician  specialists  in  cancer  treatment  is  important  in 
terms  of  improving  cancer  care  in  the  United  States.   According  to  NCI  calcu- 
lations, 80  percent  of  cancer  patients  receive  their  primary  care  in  the 
community. 

Still,  for  many  forms  of  cancer,  treatments  are  still  evolving.   There  is 
a  great  need  to  continually  test  potentially  new  and  better  therapies  through 
clinical  trials.   Throughout  the  past  decade,  a  variety  of  methods  have  been 
used  to  integrate  the  community  into  clinical  rese'arch.   Perhaps  the  oldest  is 
that  of  the  NCI-supported  national  cooperative  groups,  in  which  members  have 
developed  affiliations  with  community  oncologists  in  their  regions.   This  year 
one  of  the  largest  of  these  groups — the  Eastern  Cooperative  Oncology  Group 
(ECOG) — reported  on  their  experience  with  such  a  program.   The  results  are 
encouraging. 

During  the  5-year  period,  the  100  participating  community  hospitals  took 
part  in  97  different  ECOG-sponsored  clinical  trials  involving  more  than  4,500 
patients.   When  compared  with  ECOG  member  institutions  (mainly  university 
hospitals  and  major  treatment  centers) ,  the  community  hospitals  were  able  to 
enter  a  similar  number  of  patients  on  protocol  studies,  the  quality  of  the 
data  from  the  participating  community  hospitals  was  not  significantly  differ- 
ent from  that  of  the  member  institutions,  and  their  observations  on  the 
treatments  in  question  were  comparable.   Most  importantly,  survival,  tumor 
response,  and  toxicity  rates  were  comparable.   ECOG  physicians  concluded  that 
community  hospitals  could  play  a  valuable  role  in  the  conduct  of  clinical 
trials  and  they  are  able  to  meet  the  same  standards  of  a  major  treatment 
center. 

This  year  the  NCI  began  to  lay  the  foundation  for  a  nationwide  plan  to 
incorporate  community  oncologists  into  the  conduct  of  clinical  research  by 
establishing  a  community  clinical  oncology  program  (CCOP)  within  its  cancer 
control  division.   As  in  the  ECOG  system,  the  community  physicians  will 
associate  with  a  research  base  or  bases.   But  the  CCOP  will  be  unique  in  that 
it  will  provide  renewable  support  to  the  community  physicians  and  their 
affiliated  community  hospitals  rather  than  to  the  treatment  center  possessing 
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the  research  base.   These  funds  will  essentially  allow  the  individual  CCOPs  to 
handle  the  research  data  they  generate  in  their  own  facilities.   In  turn,  each 
CCOP  will  place  at  least  50  evaluable  patients  each  year  on  protocol  studies 
funded  by  the  NCI . 

The  NCI  will  monitor  how  the  CCOP  performs  in  terms  of  translating 
clinical  research  findings  into  everyday  practice.   For  example,  it  will  seek 
to  answer  questions  such  as,  Do  other  patients,  not  involved  in  the  protocol 
studies,  benefit  from  the  experience  the  conmunity  physicians  have  gained  by 
participating  in  clinical  research? 

Another  way  to  involve  a  wider  variety  of  community  physicians  in  clinical 
trials  is  through  the  Protocol  Data  Query  System  (PDQ) .   Eventually,  PDQ  will 
be  an  interactive  system  allowing  primary  care  physicians  and  their  patients 
throughout  the  country  to  obtain  answers  to  their  questions  about  cancer  treat- 
ment through  their  office,  hospital,  or  home  computers.   This  year  the  first 
phase  of  PDQ  became  operational.   It  can  be  accessed  by  physicians  through 
MEDLINE,  the  National  Library  of  Medicine's  data  system.   MEDLINE  is  available 
at  many  hospitals,  libraries,  and  universities,  including  all  U.S.  medical 
schools.   The  PDQ  data  base  includes  approximately  600  treatment  plans  that  are 
part  of  the  NCI's  clinical  trials  program.   It  features  the  names,  institutions, 
and  telephone  numbers  of  physicians  to  contact  at  14  clinical  cooperative 
groups  and  some  50  cancer  centers  throughout  the  United  States,  and  includes 
the  criteria  a  patient  must  meet  to  be  eligible  to  participate  in  the  trial. 


Drug  Development 

The  National  Cancer  Institute  has  been  a  world  leader  in  the  development 
of  anticancer  drugs  since  the  1950s.   Four  drugs  (BCNU,  CCNU,  DTIC,  and 
mithramycin)  were  discovered  and  developed  totally  by  the  NCI  program.   It 
also  played  a  significant  role  in  developing  and  testing  17  additional  agents 
discovered  elsewhere  but  submitted  to  the  NCI  for  evaluation.   These  21  drugs 
represent  the  majority  of  compounds  now  used  in  the  treatment  of  cancer. 

In  addition,  the  NCI  supplies  physicians  with  about  six  anticancer  drugs 
through  a  special  distribution  procedure.   These  drugs,  classified  in  Group  C, 
have  shown  a  clear  and  consistent  pattern  of  effectiveness  for  particular 
forms  of  cancer  but  have  not  yet  been  adopted  by  a  pharmaceutical  company  for 
marketing.   Drugs  enter  Class  C  by  mutual  agreement  between  the  NCI  and  the 
Food  and  Drug  Administration  (FDA). 

Until  recently,  anticancer  drugs  have  been  treated  as  "orphan  drugs"  for 
which  the  potential  use  seemed  too  limited  to  attract  development  through 
private  industry.   This  circumstance  appears  to  be  changing  as  a  result  of  the 
commercial  success  of  drugs  like  Adriamycin  and  cis-platinum.   This  year  at 
least  two  pharmaceutical  houses  made  major  commitments  to  expand  their 
programs  for  discovering  new  drugs. 

The  NCI  continues  to  make  refinements  in  its  drug  screening  program  to 
place  it  on  a  more  cost-effective  and  rational  footing.   The  selection  of 
compounds  for  screening  continues  to  be  limited  to  unique  chemical  structures 
and  structures  suspected  of  having  possible  active  groups.   This  year 
approximately  12,000  synthetic  compounds  of  new  structural  types  were  screened 
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in  mice  with  P-388  leukemia,  and  about  7  percent  of  these  new  compounds  were 
active.   In  addition,  over  10,000  natural  product  extracts  from  plants  and 
antibiotics  were  tested.   This  program  produced  120  crystalline  materials  that 
were  active  in  the  P-388  mouse  screen. 

In  1977,  the  NCI  began  evaluating  a  panel  of  eight  tumor  systems  in  mice. 
This  panel  is  used  to  confirm  activity  seen  in  the  P-388  mouse  leukemia 
system.   Six  of  the  systems — three  mouse  cancers  and  three  human  cancer  lines 
grown  as  xenografts  in  nude  mice — are  solid  tumors  representative  of  the  three 
major  forms  of  cancer  (cancers  of  the  colon,  breast,  and  lung)  that  occur  in 
the  United  States.   The  other  two  are  B16,  a  mouse  melanoma,  and  L1210,  a 
mouse  leukemia.  These  systems  were  evaluated  to  see  whether  they  might  select 
more  compounds  active  in  man  than  the  older  mouse  leukemias  traditionally  used 
to  screen  chemicals. 

Screening  of  over  1,100  compounds  in  the  tumor  panel  indicated  that  three 
of  the  eight  systems  predicted  94  percent  of  the  compounds  found  to  be  active. 
Another  finding  was  that  the  human  tumor  xenografts  selected  26  compounds  (or 
5  percent  of  the  total)  which  had  been  inactive  in  all  of  the  mouse  cancers. 
Whether  these  26  compounds  will  turn  out  to  be  uniquely  active  and  valuable  in 
clinical  oncology  awaits  the  results  of  human  trials  which  are  just  beginning. 
However,  based  on  the  evaluation,  NCI's  tumor  panel  will  now  include  L1210 
leukemia,  B16  melanoma  and  the  mammary  xenografts — the  three  tumor  systems 
that  were  able  to  predict  most  of  the  active  drugs — as  well  as  a  new  system 
M5076,  a  metastatic  ovarian  cancer  of  mice.   It  is  important  to  continually 
evaluate  new  systems  as  they  become  available,  because  the  correlation  between 
animal  tests  and  clinical  results  is  still  not  very  good.   NCI  staff  predicts 
that  the  reduction  in  the  number  of  systems  in  the  tumor  panel  will  reduce 
screening  costs  by  one-third  while  producing  approximately  the  same  number  of 
clinical  candidates. 


Early  Trials  of  New  Drugs 

FDA  approved  seven  new  investigational  drug  applications  for  NCI 
sponsorship  last  year,  and  these  began  phase  I  clinical  trials.   The  drugs  are 
dihydroazacyt idine ,  homoharringtonine ,  Henkel  compound,  tricyclic  nucleoside, 
CBDCA  (a  platinum  analogue),  echinomycin,  and  N-methylformamide .   Nine  phase  I 
studies  were  continued  from  the  previous  year.   The  agents  in  these  early 
trials  reflect  the  expanding  NCI  program,  which  now  includes  radiosensitizers 
and  protectors,  biological  response  modifiers,  and  biochemical  modulators,  as 
well  as  the  traditional  cytotoxic  drugs. 

During  the  past  year,  the  NCI's  Cancer  Therapy  Evaluation  Program  con- 
tinued to  monitor  some  1,300  phase  I  to  phase  III  protocol  studies  involving 
more  than  90  investigational  new  drug  applications.   Approximately  120 
phase  II  clinical  trials  were  conducted  under  NCI  sponsorship  during  the  past 
year.   Among  the  results:   mitoxantrone  was  found  active  in  breast  cancer, 
leukemia,  lymphoma,  and  hepatoma;  AZQ  showed  activity  in  primary  and  secondary 
brain  tumors;  bisantrene  in  breast  cancers;  Methyl-GAG  in  head  and  neck  can- 
cers and  lymphomas;  and  2 '-deoxycoformycin  in  T-cell  lymphomas  and  leukemias. 

During  the  past  year,  more  than  25,000  patients  entered  clinical  trials 
sponsored  by  the  NCI,  and  over  46,000  patients  continued  followup  from 
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previous  years.   The  majority  of  clinical  trials  are  conducted  by  the  16 
national  cooperative  groups,  now  supported  by  a  new  funding  mechanism  called 
the  cooperative  agreement. 

One  new  drug  became  commercially  available:   The  Upjohn  Company  is 
marketing  streptozotocin  (Zanosar)  for  the  treatment  of  islet  cell  pancreatic 
carcinoma. 


Drug  Resistance 

The  ability  of  cancer  cells  to  become  resistant  to  anticancer  drugs  is 
the  current  major  limitation  to  chemotherapy.,  Within  the  past  few  years,  some 
solutions  to  the  problem  of  drug  resistance  have  emerged.   A  theory  proposed 
by  two  Canadian  scientists,  James  Goldie  and  Andrew  J.  Coldman,  suggests 
mutation  is  a  property  of  all  genetically  unstable,  rapidly  growing  cell 
populations,  including  cancer  cells.   The  scientists  propose  that  cancer  cells 
mutate  spontaneously  and  at  a  defined  rate  to  become  resistant  to  at  least  one 
and  perhaps  more  drugs  even  before  the  cancer  cells  are  exposed  to  chemo- 
therapy.  They  further  suggest  that  exposing  patients  to  multiple  drugs  with  a 
wide  range  of  activity  might  be  one  way  of  getting  around  drug  resistance. 

There  is  now  experimental  evidence  that  this  phenomenon  occurs  in  cancer 
cells.   One  scientist  at  Toronto's  Ontario  Cancer  Institute  has  isolated  a 
mutant  line  of  Chinese  hamster  ovary  cells  resistant  to  a  range  of  anticancer 
drugs — mostly  structurally  large,  lipid-soluble  drugs  of  the  natural  products 
class.   He  has  shown  that  the  resistance  is  due  to  a  single  mutation  in  a  gene 
that  codes  for  a  specific  membrane  glycoprotein.   The  mutation  causes  the  cell 
to  become  impermeable  to  drugs  like  Adriamycin,  actinomycin  D,  vincristine, 
and  vinblastine.   In  the  resistant  cells  the  mutated  gene  appears  to  be  ampli- 
fied.  The  evidence  for  this  is  the  appearance  of  small  pieces  of  chromatin, 
containing  multiple  copies  of  the  gene  in  the  cell  nucleus.  Further  studies 
of  this  system  are  continuing.   The  Canadian  investigators  have  made  mono- 
clonal antibodies  to  the  membrane  glycoprotein  and  are  exploring  possible 
strategies  for  overcoming  drug  resistance. 

Several  clinical  experiments  also  support  the  theory  of  Goldie  and 
Coldman.   The  clinical  trials  were  not  originally  based  on  the  theory,  which 
came  later,  but  on  physicians'  intuition  and  their  need  to  improve  the  results 
of  combination  chemotherapy.   The  standard  four-drug  therapy  for  Hodgkin's 
disease — called  MOPP  — has  an  overall  50  percent  cure  rate.   Several  years 
ago,  NCI-supported  physicians  at  Milan's  National  Cancer  Institute  in  Italy 
found  an  equally  effective  four-drug  combination,  ABVD.   Even  patients  who 
had  failed  MOPP  responded  to  ABVD.   Still  the  long-term  survival  was  not  much 
better.   Physicians  then  had  the  idea  that  cycling  the  two  combinations  might 
improve  upon  the  clinical  results.   In  a  paper  published  this  year,  the 
Italian  investigators  reported  that  the  approach  worked.   Of  75  patients  with 
advanced  Hodgkin's  disease,  38  received  MOPP  and  37  received  MOPP  alternating 
monthly  with  ABVD.   Treatment  lasted  for  1  year,  and  71  percent  of  the 
patients  receiving  MOPP  achieved  complete  remissions,  compared  with  92  percent 


2.  MOPP:   Nitrogen  mustard,  Oncovin,  Procarbazine,  Prednisone 

3.  ABVD:   Adriamycin,  Bleomycin,  Vinblastine,  DTIC 
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receiving  the  alternating  regimen.   At  5  years,  54  percent  of  patients  who 
received  MOPP  were  alive  with  no  evidence  of  cancer,  compared  to  84  percent  of 
patients  who  received  MOPP  and  ABVD. 

A  similar  approach  was  used  by  NCI  physicians  to  treat  patients  with 
advanced  diffuse  lymphomas.   They  used  alternating  cycles  of  ProMACE-MOPP. 
To  date,  74  of  79  patients  with  advanced  stages  of  diffuse  aggressive  lymphoma 
who  have  completed  treatment  with  the  two  combinations  of  drugs  have  been 
evaluated.   Median  followup  exceeds  31  months.   Complete  remissions  documented 
by  rebiopsying  previously  malignant  tissues  were  observed  in  74  percent  of 
these  patients  (55  of  the  74).   With  other  treatments,  complete  remissions 
have  been  generally  reported  to  be  40  to  50  percent. 

Approaches  aimed  at  eradicating  cells  that  have  mutated  to  drug 
resistance  by  alternating  combinations  of  drugs  have  one  major  requirement — 
the  availability  of  two  equally  effective,  non-cross-resistant  combinations  of 
drugs.   At  the  present  time,  this  requirement  can  be  met  for  only  a  few  human 
tumors;  they  include  acute  lymphocytic  leukemia,  Hodgkin's  disease,  and 
diffuse  histiocytic  lymphoma. 

Reducing  Toxicity 

Physicians  continue  to  seek  ways  to  overcome  the  side  effects  associated 
with  anticancer  drugs.   For  certain  drugs — cis-platinum  and  Adriamycin,  for 
example — the  side  effects  limit  the  drug's  potential  effectiveness. 

This  year,  NCI  physicians  reported  that  they  were  able  to  give  patients 
twice  as  much  cis-platinum  by  administering  the  drug  in  hypertonic  saline — a 
concentrated  salt  solution.   This  approach  was  based  on  animal  studies  that 
showed  it  prevented  the  kidney  damage  that  limits  the  amount  of  drug  a  patient 
can  receive.   The  scientists  speculated  that  the  toxic  effects  of  the  drug,  a 
heavy  metal  compound,  occur  when  the  molecule  changes  its  chemical  structure 
in  the  body,  creating  poisons  that  are  deposited  in  the  kidney  tubules.   The 
salt  solution  appears  to  have  a  protective  effect  by  keeping  the  platinum  in 
its  original  chemical  form  so  that  the  toxins  are  not  produced. 

The  high-dose  platinum  was  part  of  a  four-drug  combination  that  also 
included  Velban,  Bleomycin,  and  VP-16.   It  was  given  to  nine  patients  with 
advanced  nonseminomatous  testicular  cancer  who  had  poor  chances  for  survival. 
Eight  of  the  nine  patients  (89  percent)  had  a  complete  remission  of  their 
disease  and  did  not  suffer  kidney  toxicity.   These  rates  compare  to  a  complete 
remission  rate  of  40  to  50  percent  generally  reported  in  such  patients  treated 
with  standard  doses  of  cis-platinum,  Velban,  and  Bleomycin. 

Physicians  at  Indiana  University  Hospital  reported  this  year  that  young 
men  who  received  polychemotherapy  (Velban,  Bleomycin,  and  cis-platinum)  for 
treatment  of  their  testicular  cancer  recovered  from  the  initial  impairment  in 
fertility.   Three  years  following  successful  therapy,  8  of  16  patients 


4.   ProMACE-MOPP:   Cytoxan,  Adriamycin,  VP-16,  Prednisone,  and  high-dose 
Methotrexate  with  Leucovorin  rescue  factor  plus  nitrogen  mustard,  Oncovin, 
Procarbazine,  and  Prednisone 
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(50  percent)  had  normal  sperm  counts,  14  of  18  (78  percent)  had  normal 
testosterone  levels,  and  3  men  sired  healthy  babies.   This  is  particularly 
encouraging  because  before  treatment,  74  percent  of  patients  had  sperm  counts 
too  low  to  permit  them  to  bank  their  sperm. 

In  another  study  conducted  by  physicians  at  the  M.  D.  Anderson  Hospital 
and  Tumor  Institute  in  Houston,  Adriamycin  given  to  patients  by  continuous 
infusion  over  2  to  4  days  reduced  the  drug's  cardiac  toxicity.   The  drug  is 
usually  given  as  a  slow  intravenous  injection  or  as  a  short  infusion  over 
15  to  30  minutes . 

The  physicians  reported  that  the  long  infusion  time  decreased  by  one 
tenth  the  levels  of  the  drug  in  the  blood  of  21  advanced  breast  cancer 
patients.   The  21  patients  had  less  severe  changes  in  heart  tissue  measured  by 
the  standard  endocardial  biopsy  technique,  and  they  also  experienced  less 
frequent  and  severe  nausea  and  vomiting.   Two  other  side  effects  of  the 
drug — hair  loss  and  depression  of  white  blood  cell  counts — were  not  affected 
by  the  longer  infusion  time. 

An  important  finding  of  this  study  was  that  anticancer  activity  was  not 
compromised  by  the  new  schedule.   Fully  13  of  the  27  patients  (almost  50  per- 
cent) had  a  response  to  the  treatment.   This  is  a  somewhat  higher  rate  than 
that  routinely  seen  in  such  patients  treated  with  the  standard  drug  schedule. 

Some  other  encouraging  results  came  from  two  studies  reported  this  year 
that  show  giving  chemotherapy  for  shorter  periods  to  be  equally  effective. 

In  1975,  clinicians  at  the  National  Cancer  Institute  in  Milan,  Italy, 
began  a  randomized  trial  in  women  with  breast  cancer,  comparing  12  monthly 
cycles  of  CMF  (cytoxan,  methotrexate,  5-f luorouracil)  with  6  monthly  cycles. 
Over  450  patients  participated  in  the  trial;  and  the  5-year  results,  reported 
this  year,  showed  that  survival  was  nearly  identical  for  the  two  groups — 75 
percent  for  women  who  received  a  year  of  treatment,  compared  to  79  percent  for 
women  who  received  just  6  months  of  chemotherapy.   The  three-drug  regimen 
continues  to  show  a  survival  benefit  over  mastectomy  alone  for  women  with 
positive  lymph  nodes  at  the  time  of  breast  cancer  surgery.   The  current  study 
also  showed  that  younger  premenopausal  women  who  received  6  months  of  CMF 
chemotherapy  did  as  well  in  terms  of  relapse-free  survival  as  postmenopausal 
women . 

The  Children's  Cancer  Study  Group  compared  3  versus  5  years  of  chemo- 
therapy for  children  with  acute  lymphoblastic  leukemia.   After  reaching 
3  years  of  continuous  complete  remission,  316  children  and  young  adults  were 
randomly  assigned  either  to  no  therapy  or  to  continue  maintenance  therapy  for 
2  more  years.   The  physicians  reported  this  year  that  the  proportion  of 
patients  remaining  in  complete  clinical  remission  5  years  from  randomization 
was  the  same — 85  percent  for  patients  receiving  3  years  of  chemotherapy, 
compared  to  81  percent  for  patients  receiving  5  years. 

Biological  Response  Modifiers 

Several  years  ago,  the  Division  of  Cancer  Treatment  established  a 
Biological  Response  Modifier  Program  (BRMP)  to  evaluate  a  then  new  approach  to 
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the  treatment  of  cancer.   Within  the  biological  response  modifier  category  are 
included  substances  that  cells  produce  to  regulate  their  own  growth  and  defend 
themselves  from  disease.   Many  of  these  substances  are  proteins  and  are  now 
being  manufactured  with  recombinant  DNA  technology.   Agents  currently  under 
investigation  include  interferons,  lymphokines,  antigrowth  factors,  thymic 
factors,  antibodies  to  components  of  the  immune  system,  antitumor  antibodies, 
antitumor  cells,  and  maturation/differentiation  factors. 

During  the  past  year,  early  clinical  trials  of  several  types  of  inter- 
feron were  completed.   These  were  phase  I  studies  to  determine  the  proper 
doses  of  the  agents  and  the  proper  ways  to  administer  them.   Phase  I  studies 
are  conducted  on  a  small  number  of  patients,  with  a  broad  range  of  cancers, 
and  these  patients  usually  have  advanced  stages  of  the  disease.   Because  of 
these  factors,  specific  evaluation  of  anticancer  effect  is  not  possible  in 
these  early  trials,  although  responses  are  sometimes  seen  and  noted. 

A  number  of  institutions  participated  in  the  phase  I  testing  of  three 
forms  of  human  interferon:   In  studies  sponsored  by  the  BRMP,  133  patients 
received  recombinant  leukocyte  A  interferon  synthesized  in  E^.  coli  bacteria  by 
Hof fmann-LaRoche  in  collaboration  with  Genentech,  Inc.;  90  patients  received 
natural  human  leukocyte  interferon  prepared  from  human  white  blood  cells  by 
Meloy  Laboratory  of  Springfield,  Virginia,  and  by  Parke-Davis  Pharmaceutical 
Research,  Division  of  Warner-Lambert  Company;  and  77  patients  received  natural 
human  lymphoblastoid  interferon,  produced  by  Wellcome  Research  Laboratory  of 
London,  England. 

The  results  of  these  trials  indicated  that  patients  could  safely 
receive  intramuscular  injections  of  up  to  100  million  units  of  interferon. 
Lymphoblastoid  interferon  was  also  safe  when  given  in  6-hour  intravenous 
infusions.   An  antitumor  response  was  seen  in  about  10  percent  of  patients 
\Ao  had  a  variety  of  cancers  including  lymphomas,  Hodgkin's  disease,  chronic 
lymphocytic  leukemia,  breast  cancer,  melanoma,  and  multiple  myeloma.   The 
lymphomas  in  particular  were  very  responsive.   Side  effects — flu-like 
symptoms,  including  fever,  chills,  fatigue,  and  loss  of  appetite — were  seen 
in  nearly  all  patients.   Many  of  these  symptoms  subsided  as  therapy  continued 
(tolerance).   Also  seen  among  some  patients  were  mild,  reversible  depression 
in  white  blood  cell  count  and  mild,  reversible  liver  dysfunction.   Because 
these  side  effects  occurred  with  both  the  pure  preparation  made  with 
recombinant  DNA  techniques  as  well  as  with  the  less  pure  natural  prepara- 
tion, the  scientists  concluded  that  they  were  due  to  the  interferon  molecule 
itself. 

Several  immunologic  measurements  were  made  on  patients  in  these  early 
trials.   These  were  based  on  expectations  from  both  animal  studies  and  studies 
of  human  cells  grown  in  culture  that  showed  the  primary  effects  of  interferon 
to  be  an  increase  in  monocytes  and  NK  (natural  killer)  cells.   NK  cells  are  a 
type  of  small  lymphocyte  named  for  their  inherent  ability  to  recognize  and 
kill  cancer  cells  without  known  prior  specific  sensitization.   Along  with 
monocytes,  they  may  provide  the  body's  first  line  of  defense  against  cancer 
cells . 

In  the  clinical  studies,  over  80  percent  of  patients  who  received  inter- 
feron had  an  increase  in  the  activity  of  monocytes  circulating  in  their  blood. 
But  the  expected  increase  in  NK  cell  activity  was  rarely  seen.   In  fact,  one 
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third  of  treated  patients  showed  a  decrease.   Possible  reasons  for  this 
surprising  result  are  being  investigated.   This  finding  is  of  concern  because 
studies  in  laboratory  animals  reported  during  the  past  year  firmly  estab- 
lished that  the  naturally  cytotoxic  NK  cells  play  an  important  role  in 
resistance  against  the  initial  development  of  cancer  and  in  the  control  of 
metastases . 

The  overall  clinical  impression  is  that  interferon  may  augment  the 
established  cancer  treatment  modalities,  rather  than  serve  as  the  sole 
treatment.   The  phase  II  studies  now  under  way  to  determine  efficacy  should 
help  clarify  this  initial  impression. 

This  year,  scientists  at  the  NCI  and  Genentech,  Inc.,  were  able  to  clone 
the  human  gene  for  gamma  or  immune  interferon.   This  protein  is  different  from 
the  alpha  and  beta  interferons  that  have  so  far  been  used  in  clinical  trials, 
and  that  are  produced  by  stimulated  leukocytes  and  fibroblasts,  respectively. 
Gamma  interferon  is  produced  by  T  lymphocytes  following  exposure  to  antigens 
or  other  agents,  called  mitogens,  that  trigger  cell  division  and  enable  cells 
of  the  immune  system  to  inactivate  or  destroy  foreign  substances.   Some 
laboratory  studies  have  indicated  that  gamma  interferon  may  be  the  most  potent 
form  in  terms  of  tumor  cell  kill.   Purification  of  this  type  of  interferon  has 
been  especially  difficult  and  tedious.   Now  the  cloned  gene  will  enable 
scientists  to  make  large  amounts  of  pure  interferon  in  bacteria,  paving  the 
way  for  clinical  trials.   Clinical  trials  at  the  NCI  are  underway  with  cloned 
beta  and  natural  gamma  interferon.   Cloned  gamma  interferon  is  slated  for  the 
clinical  trials  in  early  1983. 

Another  biological  response  modifier  in  clinical  trials  is  thymosin — a 
hormone  that  stimulates  differentiation  of  T  lymphocytes.   Recently,  the 
Northern  California  Oncology  Group  reported  that  thymosin  fraction  5  success- 
fully induced  partial  responses  in  several  patients  with  renal  carcinoma,  a 
cancer  of  the  kidney. 

In  addition  to  initiating  these  clinical  studies,  the  NCI  staff  has 
developed  a  scientific  strategy  for  the  identification  and  development  of  new 
biologic  response  modifying  agents,  and  this  preclinical  screening  program  for 
biologies  is  now  well  under  way.   During  the  past  year,  a  number  of  newly 
identified  and  characterized  lymphokines  have  been  produced  in  quantity  and 
studied  intensively  to  better  understand  their  role  in  augmenting  specific  and 
nonspecific  immunity.   Lymphokines  are  hormone-like  proteins  that  are  produced 
by  and  autoregulate  the  immune  system. 

In  other  studies,  all  with  too  small  a  number  of  patients  to  be  conclu- 
sive, novel  approaches  have  been  used  to  manipulate  the  immune  system.   One, 
conducted  by  physicians  at  Baylor  College  of  Medicine,  used  immunoad sorption, 
a  process  by  which  a  patient's  plasma  is  passed  over  a  column  containing  pro- 
tein A,  then  reinfused.   Protein  A  is  found  on  the  surface  of  Staphylococcus 
aureus  bacteria,  and  immunologists  believe  that  it  may  increase  the  cancer 
cell-killing  effects  of  plasma  by  activating  antibodies  and  possibly  comple- 
ment.  The  immunoad sorption  experiment  was  first  conducted  successfully  in 
dogs  with  breast  cancer.   This  year  the  Baylor  physicians  reported  that  four 
of  five  patients  with  advanced  breast  cancer  responded  to  the  treatment, 
showing  partial  shrinkage  of  their  tumors.   Studies  using  immunoadsorption  are 
under  way  at  several  other  medical  centers,  including  the  NCI.   As  more 
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patients  are  accrued  to  these  studies,  more  information  concerning  the  value 
of  this  therapy  will  become  available. 

A  second  novel  application  of  immunotherapy  combined  hybridoma  technology 
with  some  information  gleaned  from  basic  biological  studies  of  antibody 
molecules  and  the  cells  that  produce  them.   Antibodies  have  antigen  binding 
sites  on  their  surface.   These  sites,  called  idiotypes,  are  unique  to  each 
individual  antibody  and  are  also  expressed  on  the  surface  of  the  B  lymphocyte 
that  secretes  them.   Other  B  cells  can  make  antibodies  against  the  idiotypes. 
These  are  called  ant i- idiotypes ,  and  it  appears  now  that  the  immune  system 
uses  this  recognition  system  of  idiotypes  and  ant i- idiotypes  to  regulate 
itself.   For  example,  an  idiotype  molecule  can  act  as  an  antigen,  activating  a 
B  cell  to  expand,  essentially  cloning  itself,  to  make  more  of  a  particular 
antibody.   Conversely,  the  ant i-idiotype  can  also  act  as  an  antibody, 
suppressing  the  B  cell  so  that  antibody  is  not  produced.   This  modulation  is 
based  on  the  network  theory  of  immune  regulation,  and  much  experimental  data 
supporting  the  theory  has  been  collected  in  the  8  years  since  it  was  proposed 
by  immunologist  Niels  Jerne . 

This  year  physicians  at  Stanford  University  applied  the  network  theory 
and  hybridoma  technology  to  treat  a  patient  with  a  B-cell  lymphoma.   The 
physicians  basically  made  anti-idiotype  monoclonal  antibodies  against  the 
B-cell  cancer.   In  this  cancer  the  cells  appear  to  be  clonal — arising  from  one 
B  cell — and  therefore,  their  unique  idiotype  is  a  tumor  specific  marker  that 
distinguishes  them  from  normal  cells.   This  factor  gave  the  anti-idiotype 
antibody  a  high  degree  of  tumor  specificity. 

The  patient  who  received  the  treatment  had  recurrent,  advanced  B-cell 
lymphoma  and  had  failed  all  standard  therapies.   After  eight  doses  of  mono- 
clonal anti-idiotype  antibody  administered  over  4  weeks,  the  patient  went  into 
remission.   At  the  time  the  report  was  issued,  the  patient  had  been  in  remis- 
sion for  over  15  months  without  further  therapy.   The  treatment  had  no  serious 
side  effects. 

The  approach  of  using  anti-idiotype  antibodies  has  been  tried  by  others 
less  successfully,  and  the  Stanford  physicians  noted  that  the  requirement  for 
antibody  tailored  to  each  patient  puts  constraints  on  the  wide  use  of  such 
preparations.   Nevertheless,  the  approach  is  promising  for  cancers  that  pro- 
duce unique  antibody  molecules,  such  as  B-cell  lymphomas,  chronic  lymphocytic 
leukemia,  and  myeloma. 

Scientists  at  the  Fox  Chase  Cancer  Center  and  the  Wistar  Institute  in 
Philadelphia  have  begun  early  clinical  trials  (phase  I)  of  a  monoclonal 
antibody  that  specifically  suppressed  the  growth  of  human  colon  cancers  in 
athymic  (nude)  mice.   The  investigators  reported  this  year  that  antibody  was 
given  to  four  patients  with  advanced  gastrointestinal  tumors  with  no  adverse 
side  effects,  and  the  antibody  persisted  in  the  circulation  for  more  than  a 
week  after  it  was  given. 

Scientists  in  California,  Washington,  and  at  the  NCI  have  initiated 
phase  I  clinical  trials  with  monoclonal  antibodies  to  T  cells  in  the  treatment 
of  T  cell  malignancies  and  with  monoclonal  antibodies  to  melanoma  in  the 
treatment  of  malignant  melanoma. 
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RESEARCH 
Current  Activities 

Preclinical  Treatment 

Several  types  of  investigations  are  currently  under  way  in  the  pre- 
clinical area.   These  include  studies  in  tumor  cell  biology,  biological 
response  modifiers,  mechanism  of  drug  action,  and  the  molecular  biology  of 
cell  structure  and  function. 

The  purpose  of  tumor  cell  biology  investigations  is  to  define  and  charac- 
terize the  biological  features  of  tumor  cells  that  may  reveal  an  Achilles  heel 
susceptible  to  selective  chemotherapeutic  attack.   These  investigations 
comprise  several  projects,  including: 

•  Continuing  studies  to  complete  the  biological  characterization  and 
purification  of  human  T  cell  growth  factor  before  undertaking  a 
clinical  trial 

•  Undertaking  the  production  of  human-human  hybridoma  antibodies  as 
well  as  standard  murine  or  human-murine  hybridomas  for  diagnosis  and 
possible  treatment  of  cancer 

•  Investigating  immunoconjugates  of  monoclonal  antibodies  with  drugs, 
toxins,  and  isotypes  as  specific  anticancer  agents  in  animal  models 

•  Further  investigating  the  correlation  of  DNAases  present  in 
granulocytes  from  patients  with  chronic  myelogenous  leukemia,  but 
not  from  individuals  with  acute. myelogenous  leukemia  or  from  normal 
volunteers,  with  tumor  burden  and  treatment 

•  Studying  the  process  of  microtubule  polymerization  as  part  of  a 
program  to  identify  new  sites  for  therapeutic  attack,  concentrating 
on  the  stabilization  of  tubulin  for  further  purification. 


Scientists  have  tried  for  many  years  to  identify  the  substances  associ- 
ated with  tumor  growth  in  vivo.   Success  in  this  effort  would  not  only  enable 
the  diagnosis  of  active  disease  but  also  measure  the  effectiveness  of  treat- 
ment.  Among  the  approaches  being  used  are: 

•  Studies  to  determine  mechanisms  that  control  the  secretion  of 
synthesized  forms  of  the  biological  marker  hCG  (human  chorionic 
gonadotropin)  so  that  the  secretion  of  hCG  in  patients  can  be 
increased  to  obtain  measurable  blood  levels 

•  Many  research  programs,  including  studies  of  the  mechanism  of  drug 
action,  aimed  at  understanding  the  biochemical  lesions  induced  by 
active  antitumor  agents  at  the  molecular  level  to  realize  optimal 
treatment  and  improved  therapeutic  agents 
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•  Ongoing  studies  of  the  mechanism  whereby  the  antitumor  agent  Adria- 
mycin  exerts  its  dose-limiting  cardiomyopathic  effects  have  revealed 
an  impairment  of  microsomal  drug  metabolizing  activity  by  Adriamycin 
in  vitro,  but  not  in  liver  microsomes  from  Adriamycin-treated  animals, 
The  nature  of  this  effect  is  under  further  study. 

•  Further  definition  of  the  carrier  system  responsible  for  the 
cellular  uptake  of  melphalan  and  related  nitrogen  mustards  by 
tumor  cells  to  aid  in  the  rational  design  of  new  alkylating 
agents 

•  Several  studies  concerning  the  effects  of  nucleoside  analogues 
on  RNA  synthesis,  RNA  methylation,  and  translational  activity 
of  mRNA  following  incorporation  of  these  moieties 

•  Assessment  of  a  recently  developed  in  vitro  system  using  isolated 
rat  heart  myocytes  as  a  possible  rapid  and  inexpensive  method  for 
evaluating  the  cardiotoxicity  of  anthracycline  analogues  as  well  as 
other  antitumor  agents 

•  Continuing  studies  with  thymidine  to  explore  the  toxic  and 
therapeutic  effects  of  high  and  sustained  plasma  concentrations  in 
the  mouse 

•  Studies  to  characterize  the  effects  of  DNA-reactive  drugs  on  DNA  in 
mammalian  cells  and  to  relate  these  cytotoxic  mechanisms,  using 
alkaline  elution  methods  to  measure  DNA  strand  breaks,  DNA-protein 
cross-links,  interstrand  cross-links,  and  alkali-labile  sites;  and 
studies  of  the  effects  of  drugs  on  the  metabolism  of  the  nuclear 
proteins. 


Efforts  continue  in  the  Drug  and  Biological  Development  Programs  in  the 
following  areas: 


• 


Acquisition  of  synthetic  chemicals  and  natural  products  for 
evaluation  as  potential  chemotherapeutic  agents  from  private 
and  government  organizations,  both  domestic  and  foreign 

•  Collection  of  compounds  for  testing  by  the  NCI  Cancer  Chemotherapy 
Research  Collaborative  Office  in  Brussels,  which  has  acquired  over 
25,000  compounds  during  the  last  10  years.  This  Office  serves  as  a 
liaison  with  European  scientists  and  their  work  on  drug  development, 
specifically  the  European  Organization  for  Research  and  Treatment 

of  Cancer  (EORTC) . 

•  Determination  of  antitumor  activity  of  new  agents  in  test  systems 

•  Estimation  of  antitumor  activity  as  related  to  cell  cycle  and  route 
of  administration 

•  Isolation,  purification,  and  characterization  of  biological  response 
modifiers  produced  by  human  cells  in  culture 
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•  Feasibility  studies  of  large-scale  production  and  formulation  of 
selected  agents 

•  Establishment  of  qualitative  and  quantitative  toxicological  profiles 
of  antitumor  drugs  in  experimental  animals 

•  Production  and  formulation  of  selected  agents  for  limited  clinical 
trials. 


Ongoing  activities  in  the  Radiation  Development  Program  include: 

•  The  feasibility  of  screening  for  drugs  with  radioprotector  properties 
has  been  demonstrated,   A  project  has  been  established  to  study 
potential  radioprotectors  in  normal  and  tumor-bearing  mice  in 
direct  comparison  with  WR-2721,  the  current  standard  for  a  clinical 
radioprotecting  agent.   A  similar  project  to  evaluate  novel 
radiosensitizers  has  also  been  established. 

•  Basic  radiobiology  equipment  development,  research  in  basic  physics, 
and  instrumentation  development 

•  Equipment  development  and  procurement/feasibility  studies 

•  Experimental  radiotherapy  at  the  cellular  level  and  in  animals. 

Clinical  Treatment 

The  major  emphasis  in  the  treatment  research  program  is  on  improvement  of 
the  variations  of  chemotherapy  with  surgery,  radiotherapy,  hyperthermia,  immuno- 
therapy, and  nutrition  in  an  expanded  combined  modality  treatment  research 
effort. 

An  extensive  study  of  breast  cancer  treatment  tested  the  value  of 
administering  chemotherapy,  after  removal  of  the  cancerous  breast,  to  women 
who  were  at  risk  of- recurrent  cancer  (with  cancer  cells  in  the  underarm  lymph 
nodes).   Further  evaluation  of  this  study  has  shown  significant  rates  of 
disease-free  survival  in  patients  of  all  ages  who  receive  adequate  amounts 
of  combination  chemotherapy.   Seventy-nine  percent  of  adequately  treated 
patients  are  free  of  disease  3  years  after  mastectomy.   This  study  has 
significantly  affected  the  standard  treatment  of  breast  cancer  throughout 
the  world.   An  extension  of  this  kind  of  breast  cancer  trial  has  shown  that 
the  addition  of  an  antiestrogen  drug  to  chemotherapy  after  mastectomy  even 
further  improves  survival  rates  for  a  certain  group  of  breast  cancer  patients, 
those  older  women  who  had  high  levels  of  estrogen  receptor  proteins  detected 
in  their  tumors. 

The  use  of  effective  combinations  of  drugs  developed  in  the  past  several 
years  has  effected  complete  remission  in  more  than  70  percent  of  patients  with 
widely  disseminated  testicular  cancer.   Most  patients  have  survived,  free  of 
recurrent  cancer,  for  more  than  2  years  and  may  be  totally  cured.   A  grant- 
supported  clinical  trial  in  testicular  cancer  has  been  developed  to  test  the 


169 


effectiveness  of  treatment  regimens  for  preventing  the  recurrence  of  cancer  in 
patients  who  have  had  their  primary  tumor  resected  but  have  a  high  probability 
of  relapse. 

Phase  III  studies  of  daunorubicin  or  Adriamycin  and  cytosine  arabinoside 
in  adult  acute  nonlymphocytic  leukemia  have  resulted  in  complete  disappear- 
ance of  leukemia  in  70  percent  of  patients.   Current  studies  in  adult  acute 
leukemia  are  evaluating  various  maintenance  schemes,  including  late  intensi- 
fication therapy,  splenectomy,  and  immunotherapy  with  neuraminadase-treated 
leukemic  cells.   A  new  drug,  m-AMSA,  has  been  developed  for  use  in  acute 
leukemia.   This  drug  has  been  shown  to  be  very  active  in  previously  treated 
advanced  leukemias  and  will  now  be  tested  in  previously  untreated  patients. 

Researchers  have  continued  to  explore  innovative  approaches  in  the  treat- 
ment of  non-Hodgkin' s  lymphoma.   Extensive  chemotherapy  programs,  with  and 
without  radiation  therapy  and  prophylactic  treatment  to  the  central  nervous 
system,  will  define  the  most  appropriate  ways  to  treat  patients  with  non- 
Hodgkin  's  lymphoma. 

The  NCI  has  coordinated  40  clinical  trials  of  compounds  throughout  Europe 
in  conjunction  with  the  EGRTC. 

The  NCI  is  evaluating  several  methods  of  improving  the  results  of  treat- 
ment with  radiation,  including  the  use  of  high  linear  energy  transfer  (LET) 
radiation  therapy,  the  use  of  compounds  that  sensitize  tumor  cells  to  or 
protect  normal  tissues  from  the  effects  of  radiation,  the  enhancement  of 
radiation  by  heat  (hyperthermia),  and  intraoperative  radiotherapy. 

The  high-LET  radiotherapy  program  of  the  National  Cancer  Institute  was 
expanded  with  the  award  of  contracts  to  the  University  of  Washington  at  Seattle 
and  the  University  of  California  at  Los  Angeles  for  the  construction  of  facili- 
ties for  cyclotron-based  neutron  therapy.   When  these  two  institutions  become 
operational  along  with  the  Fox  Chase  Cancer  Center,  where  a  facility  for  a 
deuterium  tritium  (D-T)  neutron  generator  has  been  completed,  they  will  par- 
ticipate with  M.  D.  Anderson  Hospital,  the  Cleveland  Clinic,  and  Fermilab  in 
clinical  studies  of  neutron  therapy  supported  by  the  NCI.   Patient  accrual 
continued  in  phase  II  and  III  randomized  trials  with  neutrons.  Phase  III  studies 
to  evaluate  the  effectiveness  of  helium  ions  were  initiated  at  the  Lawrence 
Berkeley  Laboratory.   Phase  l/ll  and  limited  phase  III  studies  with  protons  at 
Harvard  and  with  the  heavy  ions,  carbon  and  neon,  at  Berkeley  are  under  way. 

The  scope  of  investigations  into  the  use  of  radiosensitizers ,  compounds 
that  make  anoxic  tumor  cells  more  sensitive  to  radiation,  was  expanded  to 
include  randomized  phase  III  studies  of  most  sites  for  which  these  drugs  may 
improve  local  and  regional  tumor  control.   At  NCI,  phase  I  testing  is  under 
way  on  desmethylmisonidazole ,  a  metabolite  of  misonidazole ,  and  on  WR  2721, 
a  drug  that  protects  normal  tissues  against  the  effects  of  radiation.   In 
addition,  two  analogues  of  misonidazole  have  been  developed  at  the  Stanford 
Research  Institute  and  tested  at  Stanford  University.   Both  passed  the  initial 
screening  tests,  and  one  has  been  selected  for  toxicology  testing  at  the  NCI 
before  clinical  evaluation. 

The  use  of  heat  to  increase  the  sensitivity  of  tumors  to  radiation  has 
been  well  demonstrated  in  the  laboratory  and  is  now  being  tested  in  phase  l/ll 
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and  limited  phase  III  clinical  studies.   To  date,  most  clinical  studies  have 
been  limited  to  the  treatment  of  cutaneous  or  subcutaneous  nodules  because  of 
the  restricted  capabilities  of  equipment  for  heating  deeply  situated  tumors. 

A  recently  described  innovation  in  radiation  therapy  is  direct  irradia- 
tion of  the  tumor  during  surgery  with  low  energy  x-rays  or  with  electrons 
through  a  lucite  cone.   Radiation  with  an  electron  beam,  which  has  a  shorter 
depth  of  penetration  than  a  megavoltage  x-ray  beam,  may  be  used  in  this 
technique,  and  thus  neighboring  normal  tissues  are  spared  from  radiation 
damage.   A  single  dose  of  1,500  to  3,000  rads  is  delivered  over  6  minutes; 
this  dose  of  radiation  is  about  10  times  greater  than  that  delivered  during  a 
single  treatment  by  conventional  external  beam  irradiation.   The  technique  is 
being  evaluated  for  treating  tumors  in  the  abdomen,  such  as  pancreatic  cancer, 
which  has  been  a  difficult  type  of  cancer  to  diagnose  and  treat. 

Other  emerging  areas  of  research  include  the  study  of  radioactively 
labeled  antitumor  antibodies  and  the  use  of  visible  light  in  conjunction  with 
hematoporphyrin  derivatives  (photoradiation) . 

Efforts  were  recently  initiated  to  stimulate  grant-supported  research  in 
surgically  oriented  multimodality  treatment  institutions  and  will  continue  for 
several  years . 

Several  basic  research  clinical  activities  are  described  in  the  following 
sections . 

Several  groups  of  investigators  have  been  studying  in  vitro  assay  of 
sensitivity  of  tumor  cells  to  chemotherapy  agents  and  have  reported 
significant  correlations  between  in  vitro  and  in  vivo  (patient  response  to 
therapy)  results.   These  techniques  will  permit  more  appropriate  and  effective 
cancer  treatment  for  individual  patients.   Related  research  has  resulted  in 
dramatic  improvement  in  the  clonogenicity  of  most  cancers,  allowing  the 
application  of  this  technique  to  increasing  numbers  of  patients. 

A  large  body  of  data  has  been  developed  on  chromosomal  abnormalities 
associated  with  acute  leukemia  in  adults,  and  there  are  clear  correlations 
between  certain  specific  lesions  and  prognosis.  Furthermore,  certain  specific 
abnormalities  of  chromosomes  5  and  7  have  been  identified  that  are  associated 
with  leukemia,  complicating  other  cancer  treatment,  and  that  may  well  be 
related  to  cause. 

Using  a  canine  model,  techniques  have  been  developed  for  disrupting  the 
blood-brain  barrier,  permitting  increased  penetration  of  drugs  into  the 
central  nervous  system.   Early  clinical  trials  are  under  way. 

Several  investigative  teams  have  used  lithium  as  a  probe  to  study  regula- 
tion of  bone  marrow  proliferation.   Lithium  has  been  found  to  increase  the 
release  of  colony  stimulating  activity  from  monocytes,  stimulating  prolifera- 
tion of  the  granulocyte  compartment.   This  may  attenuate  chemotherapy-induced 
neutropenia  and  may  decrease  the  risk  of  infection  in  cancer  patients.  In 
related  research,  a  number  of  investigators  are  examining  mechanisms  con- 
trolling the  proliferation  of  normal  and  malignant  cells.   These  studies  will 
have  direct  clinical  impact,  both  in  the  prevention  of  chemotherapy-induced 
myelosuppression  and  in  the  control  of  neoplastic  proliferation. 
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Among  the  current  efforts  in  the  Drug  and  Biological  Development  Programs 


•  Phase  I  studies  to  determine  tolerable  dosage  of  agents  in  man 

•  Limited  phase  II  studies  to  estimate  therapeutic  activity  of  agents 
in  man 

•  Large-scale  phase  II,  III,  and  IV  therapeutic  clinical  trials  of 
agents  in  man,  using  single  or  combined  drugs  and/or  modalities 


Continuing  efforts  in  the  Radiation  Research  Program  are  as  follows; 


•  Phase  I  and  phase  II  studies  of  various  new  forms  of  radiotherapy  in 
humans 

•  Objective  measurements  to  determine  the  role  of  treatment  type  in  the 
overall  care  of  the  patient. 


Nutrition 

The  role  of  diet  and  nutrition  in  the  treatment,  long-term  management, 
and  rehabilitation  of  the  cancer  patient  is  being  evaluated,   A  variety  of 
projects  in  nutritional  assessment,  pathophysiology,  and  intervention  are 
under  way.   Investigators  are  evaluating  technologies  for  assessing  the  nutri- 
tional status  of  cancer  patients.   Results  to  date  include  validation  of 
standard  anthropometric  measurements;  partial  validation  of  ultrasonography 
to  assess  fat  and  muscle  compartments;  validation  of  computed  tomography  to 
assess  body  fat,  body  muscle,  and  visceral  organ  weight;  and  validation  of 
neutron  activation  and  isotopic  tracer  techniques  to  assess  lean  body  mass, 
body  protein,  and  body  fat.   These  studies  are  also  elucidating  the  patho- 
physiology of  weight  loss  in  cancer  patients,  including  the  major  loss  of  body 
muscle  and  decreased  mobilization  of  body  fat.   These  technologies  are  being 
used  to  assess  the  repleting  effects  of  nutritional  intervention,  and  these 
studies  of  repletion  are  being  expanded.   The  NCI  is  also  expanding  studies  of 
the  nutritional  requirements  of  cancer  patients  including  precise  determina- 
tion of  their  calorie  needs. 

An  ongoing  protocol  involving  nutritional  support  through  parenteral 
nutrition  (PN)  in  patients  with  small-cell  lung  cancer  is  a  collaboration 
among  five  institutions.   The  feasibility  of  a  strategy  of  graded  nutritional 
intervention  has  been  demonstrated.   Patients  receiving  PN  show  an  improved 
nutritional  status  and  improved  tolerance  to  chemotherapy.   A  high  rate  of 
response  to  chemotherapy  is  being  observed  in  patients  receiving  PN,  but  it  is 
too  early  to  reach  any  conclusions  about  differences  in  response  or  survival 
between  the  PN  group  and  the  control  groups. 

Another  project  involves  patients  with  advanced  head  and  neck  cancers  as 
a  model  for  studying  nutritional  rehabilitation  and  its  effect  on  the  treat- 
ment and  subsequent  course  of  the  patients'  disease.   One  group  of  patients 
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receives  optimal  oral  nutrition  with  dietetic  consultation  and  oral  supple- 
ments while  the  other  group  receives  intensive  nasogastric  feedings  in 
addition  to  oral  nutrition. 


Organ  Site  Program 

All  four  projects  of  the  National  Organ  Site  Program  (see  Chapter  VIII) 
currently  conduct  treatment  research. 

Athymic  nude  mice  are  being  used  for  the  propagation  and  study  of  human 
bladder  cancer  cells.   The  relatively  abundant  tumor  material  produced  by  this 
system  is  used  in  an  attempt  to  isolate  and  identify  unique  tumor  antigens  for 
the  development  of  specific  immunotherapeutic  methods.   The  athymic  nude  mouse 
is  being  used  also  as  a  model  for  testing  chemotherapeutic  agents  against 
cancer  cells  from  individual  bladder  cancer  patients. 

A  surveillance  protocol  designed  to  assess  and  characterize  all  patients 
with  bladder  cancer  who  are  admitted  by  participating  physicians  provides  a 
perspective  on  the  overall  problem  of  bladder  cancer.   When  the  most  suitable 
treatment  cannot  be  determined,  randomized  clinical  trials  are  established  to 
provide  data  from  which  such  a  decision  can  be  derived.   Followup  studies  are 
continuing  of  patients  entered  into  one  of  two  protocols:   a  study  of  multiple 
mucosa  biopsies  from  patients  having  one  or  more  tumors  or  positive  urine 
cytology,  and  a  study  comparing  cis-platinum  alone  to  cis-platinum  plus 
Cytoxan  for  definitive  chemotherapy  in  metastatic  disease. 

Current  research  into  cancer  of  the  large  bowel  aims  to  identify  new 
targets  for  drug  action  within  both  metabolic  pathways  involving  nucleic  acids 
and  pathways  for  protein  syntheses.   Cell-surface  glycoproteins  and  funda- 
mental aspects  of  membrane  structure  are  being  investigated  for  potential 
leads  to  uncover  abnormal  cellular  function  and  to  augment  attack  by  anti- 
cancer drugs  and  immune  mechanisms. 

An  innovative  approach  to  therapy  seeks  to  determine  whether  tumor- 
localizing  antibodies  to  carcinoembryonic  antigen  (CEA)  combined  with  a 
neutron-capturing  agent  (boron)  are  useful  for  selective,  slow-neutron 
irradiation  of  CEA-producing  tumors  of  human  origin  grown  in  hamsters.   While 
the  approach  thus  far  appears  feasible  in  animals,  a  mixture  of  antibodies 
directed  against  more  than  one  tumor-associated  antigen — for  example,  colon- 
specific  antigen  (CSA)  and  CEA — shows  better  tumor  localization  than  anti- 
bodies to  CEA  alone. 

A  number  of  model  systems  have  been  developed  to  study  molecular  and 
pharmacological  approaches  to  the  therapy  of  large  bowel  cancer.   New  folate 
analogues  are  being  evaluated  for  activity  against  human  colon  cancer  line 
HCT8  propagated  in  vitro.   One  compound,  H338  (lAHQ),  has  shown  good  activity 
in  this  system  and  against  a  mouse  colon  adenocarcinoma  (No.  38).   The  data 
suggest  a  new  mechanism  for  the  antitumor  effect  of  this  compound,  namely,  the 
conversion  of  the  analogue  intracellularly  by  polyglutamate  synthetase  to  a 
potent  inhibitor  of  thymidylate  synthetase. 

Autochthonous  tumors  induced  by  a  variety  of  colon  carcinogens  have  been 
used  to  demonstrate  that  oral  administration  of  indomethacin,  a  prostaglandin 
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inhibitor,  has  antitumor  or  antipromotional  activity  and  causes  reductions  in 
colon  tumor  incidence.   As  the  tumor  burden  was  reduced  by  reducing  the  dosage 
of  carcinogen,  the  efficacy  of  indomethacin  therapy  was  increased.   Peroxicam, 
a  prostaglandin-blocking  agent  with  low  toxicity,  was  equally  inhibitory. 
However,  the  modulating  effects  of  other  prostaglandin-blocking  agents 
(aspirin,  flurbiprofen,  and  sodium  salicylate)  using  a  similar  protocol  were 
negative. 

Using  a  transplantable  murine  colon  tumor,  T36,  the  selective  inhibition 
of  protein  synthesis  by  sodium  cyanate  has  been  demonstrated,  and  its 
activation  has  been  studied  in  culture.   No  inhibition  of  protein  synthesis 
was  observed  in  butyrate-treated  tumor  cells  exposed  to  the  cyanate/S9  system, 
whereas  cells  cultured  in  the  absence  of  butyrate  remained  cyanate  sensitive. 
This  approach  may  lead  to  the  design  of  chemotherapeutic  agents  that  will 
selectively  block  protein  synthesis  in  malignant  cells  without  comparable 
toxicity  to  normal  host  tissues.   Studies  using  human  colon  carcinoma  cell 
lines  and  their  subclones  have  demonstrated  differential  drug  sensitivities 
as  well  as  differential  responses  to  x-irradiation  and  hyperthermia.   Matura- 
tional  effects  on  tumor  cells  have  been  noted  through  the  use  of  several 
differentiation  modulating  agents  (such  as  dimethylformamide) .   Such  agents 
may  limit  heterogeneity  by  converting  the  cell  populations  toward  a  single 
phenotype  that  may  be  therapeutically  useful.   Several  established  colon 
carcinoma  cell  lines  have  been  well  characterized,  and  their  differential 
response  to  therapeutic  agents  has  been  evaluated  as  a  function  of  cell 
differentiation  and  proliferative  status.   The  use  of  these  various  models 
and  approaches  has  led  to  the  development  of  clinical  protocols  to  improve 
the  therapeutic  response  of  human  colon  tumors. 

Biochemical  determinants  and  responsiveness  of  particular  tumors  to  spe- 
cific agents  as  well  as  the  mechanisms  of  tumor  inhibition  are  being  studied. 
The  mechanism  of  tumor  inhibition  by  alanosine,  an  aspartate  analogue  that 
inhibits  adenosine  5 '-monophosphate  synthesis,  has  been  investigated.   Studies 
to  identify  the  biochemical  determinants  of  responsiveness  of  5-f luorouracil 
and  its  derivatives  in  human  colorectal  adenocarcinoma  xenografts  suggest  that 
the  response  relates  to  the  inhibition  of  thymidylate  synthetase  and  not  to 
the  level  of  incorporation  of  the  triphosphate  or  to  the  frequency  of  its  sub- 
stitutions into  total  RNA  at  dose  levels  toxicologically  acceptable  to  the 
host.   Preliminary  studies  of  uridine  kinase  activity  in  human  colorectal 
adenocarcinomas  has  been  completed.   The  efficacy  of  the  de  novo  synthesis  of 
uridine  5 '-monophosphate  (UMP)  is  being  studied  in  a  large  number  of  human 
neoplasms . 

A  combination  of  chemotherapeutic  agents,  interstitial  implantation  of 
radioactive  sources,  and  high-dose  external  beam  radiotherapy  is  being  inves- 
tigated for  effectiveness  in  treating  nonresectable  pancreatic  carcinoma.   A 
phase  II  study  has  been  initiated  in  which  combinations  of  chemotherapeutic 
agents  without  radiotherapy  are  being  tested  for  the  treatment  of  histo- 
logically confirmed  cases  of  pancreatic  cancer.   The  use  of  intraoperative 
radiotherapy  is  currently  under  study.   These  trials  are  carried  out  under 
controlled  conditions  that  require:   reporting  the  stage  of  disease;  evalua- 
tion of  toxicity;  development  of  dose  regimens  and  timing  sequences;  mea- 
surement of  efficacy  against  pancreatic  cancer;  and  review  of  pathology. 
Such  studies  should  provide  valuable  information  that  can  be  translated  to 
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large-scale  studies  by  various  oncology  groups.   Established  drugs  used  for 
cancer  in  tissues  other  than  the  pancreas  have  been  inadequately  studied  in 
pancreatic  cancer  and  should  be  reexamined  in  light  of  new  methods  for 
scheduling  and  dosing. 

Studies  of  primary  outgrowth  from  prostatic  tissue  are  being  carried  out 
in  an  effort  to  define  a  simple,  reliable,  and  reproducible  method  of 
culturing  transurethral  resection  specimens.   Development  of  such  a  method 
would  permit  growth  of  cells  from  a  patient  to  test  therapeutic  modalities  and 
to  predict  prognosis. 

The  clinical  trials  program  of  the  National  Prostatic  Cancer  Project  (NPCP) 
has  established  that  favorable  responses  and  acceptable  degrees  of  toxicity  can 
be  obtained  with  cytotoxic  treatment  and  that  chemotherapy  can  be  recommended 
as  a  legitimate  option  for  patients  with  endocrine-resistant  prostatic  carci- 
noma. Presently,  while  there  is  a  continued  effort  to  evaluate  single-agent 
drug  therapy,  additional  studies  are  in  progress  to  evaluate  combinations  of 
agents  that  have  proved  effective.   Adjuvant  chemotherapy  protocols  for 
earlier  stages  of  cancer  and  adjuvant  therapy  to  surgery  or  irradiation  have 
been  added  to  these  studies.   Ten  studies  have  been  closed  to  patient  accrual, 
but  surviving  patients  are  being  followed  and  evaluated.   The  results  to  date 
support  the  following  conclusions:   (1)  On  the  basis  of  both  objective  and 
subjective  criteria,  chemotherapy  has  a  demonstrated  advantage  over  conven- 
tional therapy  in  hormonally  resistant  advanced  Stage  D  disease.   (2)  Patients 
who  respond  to  chemotherapy  survive  significantly  longer  than  nonresponders . 
(3)  In  patients  with  advanced  disease,  objective  partial  regressions  were 
observed  only  in  those  treated  with  chemotherapy.   (4)  Active  single  agents 
with  acceptable  and  manageable  side  effects  are  Cytoxan,  5-FU,  estracyt,  DTIC, 
methotrexate,  cis-plat inum,  and  streptozotocin.   Minimal  activity  and  exces- 
sive side  effects  were  observed  for  hydroxyurea,  methyl  CCNU,  and   procar- 
bazine.  Vincristine  and  Leo  1031  alone  exhibited  minimal  activity  and  in 
combination  with  estracyt  did  not  improve  response  or  survival  over  either 
agent  alone.   The  combination  of  cis-platinum  and  estracyt  was  superior  to 
either  agent  used  alone.   (5)  In  patients  with  previously  untreated  advanced 
disease,  there  is  evidence  that  adding  chemotherapy  to  hormones  for  the 
initial  treatment  is  advantageous,  particularly  for  patients  who  experience 
pain. 

The  NPCP  is  currently  conducting  chemotherapy  trials  for  several  types  of 
disease,  including: 

•  Advanced  disease  (Stage  D_)  that  is  refractory  to  hormones  (at  least, 
to  orchiectomy)  and  has  or  has  not  been  treated  with  radiotherapy 
(<2,000  rads  to  pelvis)  or  with  chemotherapy 

•  Newly  diagnosed  and  untreated  advanced  disease  (Stage  D2) 

•  Advanced  disease  (Stage  D_)  that  is  stable  to  orchiectomy  or  to 
estrogenic  hormone  treatment 

•  Nonmetastatic  disease  (Stages  B_-D,)  treated  definitively  with  a 
prostatectomy  plus  pelvic  lymph  node  resection,  followed  by  adjuvant 
chemotherapy 
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•  Nonmetastatic  disease  (Stages  Bj-D^)  treated  definitively  with 
external  or  internal  radiotherapy  plus  pelvic  lymph  node  resection, 
followed  by  adjuvant  chemotherapy 

•  Stage  A  disease  with  negative  lymph  nodes:   Patients  will  receive 
definitive  surgery  or  external  radiotherapy. 

In  addition,  protocols  have  been  recently  activated  to  survey  patients 
with  Stage  A,  prostate  carcinoma  and  to  conduct  a  comparison  of  definitive 
therapies  (surgery  versus  external  irradiation)  for  Stage  A„  prostate 
adenocarcinoma.   More  than  2,100  patients  have  now  been  admitted  to  these 
protocols . 

Studies  related  to  treatment  of  prostate  cancer  have  involved  the 
synthesis  and  testing  of  various  agents  with  potential  activity  against  the 
disease.   A  study  of  androgen-sensitive  tumors  in  the  Noble  rat  confirmed 
previous  laboratory  data  by  revealing  that  chemotherapy  combined  with 
castration  decreased  both  tumor  volume  and  number  of  metastases  to  a  greater 
degree  than  did  castration  alone. 


International  Activities 

Productive  Soviet/U.S.  discussions  have  resulted  from  the  detailed 
analysis  of  raw  data  and  clinical  rounds  of  patients  entered  into  a  Soviet 
study  of  tamoxifen  as  an  adjuvant  in  the  surgical  treatment  of  breast  cancer. 
The  Soviet  study  parallels  one  being  conducted  by  the  NCP.   Based  on  positive 
results  and  accrual  of  promising  data  so  far,  the  studies  are  continuing. 

The  Soviets  have  provided  NCI  scientists  with  additional  quantities  of 
their  drug,  Histar,  for  completion  of  preclinical  testing  in  xenograft 
systems,  following  demonstration  of  its  activity  in  L-1210  leukemia,  B-16 
melanoma,  and  CD8F  mammary  tumor.   Three  new  Soviet  antitumor  preparations — 
the  antibiotic  Bacuchiol  and  the  lichen  products  Chrysophanol  and  Cynodontin — 
are  to  be  provided  to  the  NCI  for  preclinical  studies. 

A  joint  study  by  the  NCI,  the  Baltimore  Cancer  Research  Center,  and  the 
Moscow  Center  is  under  way  for  a  "Phase  I  Clinical  and  Pharmacologic  Trial  of 
CBDCA."   The  Soviet  goals  are:   (1)  to  establish  the  maximum  tolerable  dose  of 
CBDCA;  (2)  to  evaluate  its  toxicities  in  patients  with  previously  treated  and 
with  untreated  malignancies;  (3)  to  determine  its  antitumor  activity;  and  (4) 
to  determine  its  clinical  pharmacokinetics. 

While  at  the  NCI,  a  Hungarian  developmental  therapeutist  investigated  the 
resistance  of  murine  tumor  cells  to  alkylating  agents  used  as  anticancer 
drugs.   She  and  her  NCI  colleagues  have  confirmed  the  role  of  the  tripeptide 
glutathione  in  resisting  alkylating  agents.   Based  on  their  studies  of  the 
inhibition  of  glutathione  biosynthesis  by  the  agent  buthionine  sulfoximide,  it 
is  possible  to  completely  sensitize  the  resistant  cell  to  the  cytotoxic 
effects  of  an  anticancer  drug  such  as  L-PAM. 

A  conference  on  the  "Evaluation  of  Cancer  Immunotherapy,"  under  the 
NCI-Japan  Bilateral  Agreement,  was  held  in  late  1981  to  discuss  the  current 
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status  of  experimental  cancer  immunotherapy,  of  biologic  response  modifiers, 
and  of  clinical  trials  of  cancer  immunotherapy.   A  workshop  on  the  "Treatment 
of  Bladder  Cancer"  included  discussions  of  superficial  bladder  cancer,  deeply 
invasive  cancer,  metastatic  disease,  and  prevention  of  the  recurrence  of 
bladder  cancer.   The  results  of  this  workshop  served  to  establish  a  foundation 
for  further  cooperative  research  in  which  similar  criteria  and  treatment 
protocols  will  be  used  in  both  countries  to  treat  bladder  cancer. 


Rehabilitation  and  Continuing  Care 

Earlier  disease  detection  and  improved  treatment  of  cancer  have  led 
to  increasing  numbers  of  persons  who  survive  cancer.   It  is  estimated 
that  more  than  3,000,000  Americans  who  are  living  today  have  had  cancer. 
Approaches  to  the  rehabilitation  of  former  cancer  patients  and  the  continuing 
care  of  those  surviving  with  progressive  disease  present  ongoing  challenges. 
Stabilization  and  supportive  care  require  a  full  range  of  interventions 
from  early  and  continued  rehabilitative  support  to  surveillance  of  cured 
individuals  and  care  for  patients  with  advancing  and  terminal  disease. 
Continuing  care  and  rehabilitation  objectives  are  very  broad  in  scope. 

The  objectives  of  continuing  care  relate  to  the  problems  of  the 
disease  process  that  affect  the  individual  with  cancer  from  the  initial 
diagnosis  until  death.   The  problems  and  needs  of  cancer  patients  and  their 
families  require  that  caregivers  extend  themselves  to  include  providing 
care  and  services  for  patients  in  their  homes.   Rehabilitation  efforts  for 
cancer  patients  and  their  families  are  concentrated  on  restoration  (to  the 
extent  possible)  of  "normal"  life.  For  some,  the  disability  is  static  and 
requires  only  a  relatively  fixed  plan  for  rehabilitation,  while  for  the 
majority,  the  disability  progresses  as  the  disease  progresses.   Aspects  of 
both  continuing  care  and  rehabilitation  encompass  the  entire  spectrum  of 
needs  ranging  from  psychosocial  adaptation  and  adjustment  to  living  with 
or  surviving  cancer  to  prosthesis,  post-treatment,  and  supportive  care. 
Emphasis  is  placed  upon  projects  that  identify  and  promote  optimal  restora- 
tive, palliative,  and  continuing  care  methods  and  techniques  for  both  former 
and  current  cancer  patients  and  for  health  professionals,  and  upon  stimula- 
tion of  community-based  participation.   Support  has  been  provided  to  studies 
that  develop,  field  test,  or  demonstrate  efficacy  of  skills,  coping  strate- 
gies, and  social  support  as  well  as  basic  and  applied  research  on  new 
devices  and  procedures.   Other  studies  that  have  been  encouraged  address 
symptom  control,  enlistment  of  the  patient's  recuperative  resources  and 
physical  strength,  nutrition  enhancement,  illness  behavior,  and  quality 
of  life.   Some  examples  of  these  types  of  projects  are  provided  in  the 
following  sections. 

•  The  Psychosocial  Collaborative  Group  (PSYCOG)  is  in  its  sixth  year 
of  investigation  into  the  nature  and  frequency  of  emotional  and 
behavioral  sequelae  in  patients  receiving  chemotherapy  and/or 
radiation  therapy.   The  consortium  of  investigators — at  Memorial 
Sloan-Kettering  Cancer  Center,  the  Johns  Hopkins  Medical  Center,  and 
the  University  of  Rochester  Medical  Center — have  examined  such  issues 
as  the  process  of  informed  consent  to  investigational  protocols  and 
the  effectiveness  of  certain  psychopharmacological  interventions  in 
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the  amelioration  of  pain  and  distress.   A  study  recently  completed  by 
PSYCOG  revealed  significant  levels  of  clinical  depression  among  cancer 
patients.   This  consortium  is  currently  initiating  a  clinical  trial  to 
examine  the  efficacy  of  a  tricyclic  antidepressant  (nortryptiline)  in 
the  amelioration  of  depression  and  pain. 

•  Findings  from  a  behavioral  pediatric  study  suggest  that  children  with 
cancer  present  school-related  problems  not  found  in  their  control 
group  peers  and  that  serious  learning  problems  arise  most  frequently 
among  those  patients  who  have  received  cranial  radiation.   The 
investigators  in  this  project  have  found  that  establishing  a  school 
liaison  program  and  self-relaxation  training  can  facilitate  the 
child's  return  to  school  and  can  help  resolve  these  serious  school- 
related  problems. 

In  general,  the  cognitive,  behavioral,  and  emotional  sequelae  of  disease 
and  their  treatment  in  long-surviving  pediatric  patients  is  an  important  area 
of  investigation.   These  children  may  be  at  risk  not  only  for  recurrence  of 
disease,  but  also  for  developmental  defects  arising  directly  from  aggressive 
treatment  of  their  primary  disease  processes.   This  will  continue  to  be  an 
area  of  major  interest  to  the  behavioral  medicine  program  at  the  NCI. 

Following  are  descriptions  of  other  projects  in  the  area  of  rehabilita- 
tion and  continuing  care. 

•  A  collaborative  hospice  study  has  been  completed.   This  study  con- 
sisted of  a  description  of  hospice  care  in  three  different  settings 
and  resulted  in  the  development  of  studies  in  the  following  general 
areas:   patients  and  the  primary  care  persons;  use  of  services; 
profiles  of  staff  and  volunteer  caregivers;  and  cost  of  hospice  care. 
The  cost  study  has  been  abstracted  and  is  available.   Initial  analyses 
of  the  hospice  patient  and  family  data  have  been  conducted.   A  report 
of  the  findings  is  in  final  stages  of  preparation.   The  results  of  all 
components  of  the  collaborative  hospice  study  should  provide  useful 
information  for  terminal  care  of  cancer  patients. 

•  A  hospice  caregiver  study,  a  component  of  the  collaborative  hospice 
study,  has  been  conducted.   It  was  directed  toward  identifying  coping 
behavior  of  the  workers  who  provide  care  to  dying  patients  and  their 
families.   Data  for  this  project  have  been  collected  from  three 
hospice  programs.   The  results  of  this  study  will  be  included  in  the 
final  report  of  the  hospice  demonstration  project. 

•  Another  project,  entitled  "Emotional  Response  to  Breast  Cancer  and 
Its  Treatment,"  is  concerned  with  the  relationship  between  anger, 
"fighting  spirit,"  and  disease  outcome,  as  well  as  the  biological 
mediating  mechanisms  between  emotional  response  and  disease  course 
(for  example,  endocrine- immune  pathways). 

•  Support  continues  for  the  American  College  of  Radiology's  landmark 
Patterns  of  Care  Study.   This  project  assesses  cancer  care  practices 
across  all  strata  of  radiation  therapy  facilities  in  the  United  States. 
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•  Studies  of  pain,  ranging  from  its  neurophysiology  to  its  management, 
are  being  supported. 

•  The  prototype  electronic  laryngeal  prosthesis  will  be  implanted  in 
human  volunteers  who  have  been  unable  to  develop  postlaryngectomy 
speech.   Researchers  will  seek  a  manufacturing  source  with  the 
capability  for  standardization  and  reliability  that  is  required  for 
human  implantation. 

•  Newly  developed  bone  and  joint  replacement  implant  components  are 
being  tested;  in  particular,  a  fiber-metal  proximal  femur  prosthesis 
is  being  studied. 

•  Several  new  speech/prosthetic  and  nutritional  rehabilitation 
techniques  are  being  developed  and  evaluated. 

•  Changes  in  speech  and  swallowing  resulting  from  treatment  for  oral 
cancer  are  being  assessed. 

•  A  multidisciplinary  study  has  been  designed  to  continue  the 
development  and  testing  of  cost-effective  devices  to  provide 
lower-limb  amputees  with  sensory  feedback  from  their  prostheses. 

•  The  effects  of  ablative  surgery  of  the  oral  cavity  and 
oropharynx  of  associated  reconstructive  surgery  on  the 
psychological  communicative  rehabilitation  of  patients  are 
being  evaluated. 

•  Techniques  for  using  the  omentum  as  a  vascular  base  upon  which  to 
apply  skin  and  bone  grafts  are  being  refined. 

•  A  research  program  that  spans  detection,  diagnosis,  and  treatment 
activities  relates  to  patient  compliance.   A  Request  for  Grant 
Applications  (RFA)  entitled  "Cancer  Patient  Compliance  with 
Therapeutic  Regimens"  was  released  in  FY  1980.   Three  ROI  grants — two 
concerned  with  compliance  and  toxicity  in  adult  chemotherapy  patients, 
and  the  third  concerned  with  dental  compliance  in  patients  receiving 
curative  doses  of  radiotherapy  to  the  head  and  neck — have  been  funded. 
Findings  from  these  studies  should  enable  those  treating  cancer 
patients  to  identify  subgroups  at  risk  for  noncompliance  and  to 
intervene  so  as  to  achieve  optimal  treatment  outcome. 


Planned  Activities 


Preclinical  Treatment 

Investigator-initiated  studies  on  the  biochemistry  and  mechanism  of  drug 
action  will  be  continued  to  expand  the  pharmacological  profiles  of  new  and 
established  antitumor  agents. 

Research  on  molecular  biology,  cell  kinetics,  and  tumor  immunology  as 
related  to  cancer  treatment  will  be  continued  as  will  efforts  to  discover  and 
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develop  new  and  more  selective  chemotherapeutic  agents,  radiation  modifiers,  and 
biological  response  modifiers  from  both  synthetic  and  natural  product  sources. 

Research  will  be  stimulated  in  selected  high-priority  areas  of  biological 
response  modifiers,  such  as: 

•  The  immunogenic ity  of  purified  tumor-associated  antigens 

•  The  use  of  animal  tumor  models  for  antipeptide  growth  factor  and 
maturation  factor  therapy 

•  The  therapeutic  use  of  lymphokines  in  cancer  treatment 

•  The  use  of  cytokines  (growth  and  maturation  factors)  in  an  attempt  to 
control  tumor  growth  and  metastasis 

•  The  development  and  evaluation  of  monoclonal  antibodies  as  carriers 
for  toxic  agents  in  an  attempt  to  increase  the  specificity  of  tumor 
therapy. 

It  is  proposed  that  up  to  four  "National  Cooperative  Drug  Discovery 
Groups"  be  established.   These  groups,  to  be  supported  by  cooperative 
agreements,  will  be  designed  to  enhance  the  effectiveness  and  increase  the 
pace  of  national  new  drug  development  efforts.   In  assembling  these  "Discovery 
Groups"  the  Development  Therapeutics  Program  (DTP)  will  seek  the  participation 
of  the  most  accomplished  scientists  in  the  fields  essential  for  successful 
drug  development,  e.g.,  molecular  biology,  pharmacology,  pharmacy,  biology, 
medicinal  and  synthetic  chemistry,  etc.   Recognizing  that  all  of  these  skills 
are  not  equally  represented  in  any  single  institution,  DTP  intends  to 
authorize  the  Principal  Investigators  to  form  consortia  of  multiple  institu- 
tions from  which  these  topflight  scientists  will  be  drawn.   Short  of 
activities  such  as  bulk  synthesis,  animal  toxicology,  and  phase  I/II  clinical 
trials,  all  phases  of  drug  design,  synthesis,  testing,  and  evaluation  will  be 
addressed  in  this  effort.   NCI  will  participate  as  a  full  member  and,  in 
addition,  facilitate  the  work  of  the  groups  by  selectively  placing  Government- 
owned  data  base  resources  at  their  disposal. 

In  order  to  improve  and  simplify  further  the  approaches  used  for  toxico- 
logic evaluation  of  drugs,  attempts  will  be  made  to  develop  in  vitro  target 
organ  tests  that  may  correlate  with  in  vivo  results,  both  quantitatively  and 
qualitatively.   Areas  to  be  investigated  initially  are  cytotoxicity  versus  in 
vivo  lethality,  and  organ  systems  of  the  kidney  and  heart. 

Other  programs  under  way  include  the  following: 

•  Continued  studies  on  drug  design,  pharmacology,  and  mechanisms  of 
action 

•  Evaluation  of  selected  tumor  lines  with  different  metastatic  proper- 
ties as  possible  models  for  studying  the  therapy  of  metastases,  a 
major  cause  of  treatment  failure 
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Studies  to  determine  whether  human  tumors  carried  as  transplantable 
xenografts  but  tested  for  drug  response  in  vitro  and  in  vivo  retain 
the  drug  response  profile  characteristics  of  the  fresh  surgical 
explant.   If  successful,  this  approach  would  enable  the  use  of  stables 
of  tumors  for  initial  testing  in  vitro,  the  results  of  which  could 
predict  in  vivo  and  possibly,  human  response. 

Studies  on  the  design  and  synthesis  of  "pro-drugs,"  altered  forms  of 
active  drugs  intended  to  overcome  problems  of  poor  stability  or  solu- 
bility.  Such  compounds  are  intended  to  deliver  the  active  drug  safely 
to  the  body,  or  even  more  desirably,  directly  to  the  tumor  site. 


Clinical  Treatment 

Planned  research  activities  in  this  area  will  emphasize  aspects  of  chemo- 
therapy, surgery,  radiation  therapy,  immunotherapy,  biological  response 
modifiers,  and  nutrition,  used  individually  and/or  in  combination. 

•  The  NCI  has  developed  a  broad-based  program  for  the  clinical  evalu- 
ation of  biological  response  modifiers.   Such  materials  as  interferon, 
thymosin,  monoclonal  antibodies,  differentiating  agents,  lymphokines, 
and  immunostimulators  will  be  tested. 

•  The  development  of  geographically  oriented  cooperative  groups  will  be 
continued  in  order  to  evaluate  the  possible  advantages  of  such  groups 
for  selected  types  of  clinical  studies. 

•  Analogues  of  active  compounds  obtained  through  NCI's  research 
liaison  office  in  Brussels  will  be  tested  in  collaboration  with 
EORTC . 


In  addition  to  the  major  preclinical  and  clinical  investigations  in  the 
use  of  hyperthermia,  radiosensitizers  and  radioprotectors,  and  high-LET  radia- 
tions to  improve  the  local  and  regional  control  of  neoplasms,  there  will  be 
directed  efforts  in  the  following  areas: 

•  New  projects  will  be  stimulated  on  the  in-depth  study  of  the  inter- 
action of  nonionizing  electromagnetic  radiation  to  produce  hyper- 
thermia in  humans.   These  studies  may  lead  to  a  better  understanding 
of  the  role  of  electromagnet ically  induced  hyperthermia  for  cancer 
treatment  and  also  of  the  role  of  noninvasive  approaches  to 
temperature  measurement  in  humans . 

•  Guidelines  for  the  use  of  improved  heating  and  measuring  equipment  for 
hyperthermia  will  be  developed  and  provided  to  organizations  for  ini- 
tiating controlled  trials  to  evaluate  the  effect  of  local  hyperthermia 
as  an  adjunct  to  radiotherapy  or  chemotherapy. 

•  New  radiosensitizing  and  radioprotecting  compounds  will  be  investi- 
gated.  Screening  contracts  will  evaluate  different  families  of  agents 
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having  such  properties,  in  order  to  improve  the  use  of  radiation  therapy, 
and  to  enhance  or  protect  against  the  effects  of  chemotherapy.   Efforts 
to  synthesize  and  test  new  radioprotectors  will  be  expanded. 

•  The  high-LET  program  will  emphasize  using  the  latest  technology  in 
tumor  and  normal  organ  delineation  (CT  scanning,  ultrasound,  and 
positron  emission  tomography)  to  take  full  advantage  of  the  improved 
physical  dose  distributions  or  increased  biological  advantage  of 
neutrons,  protons,  helium  ions,  and  heavy  ions. 

•  Coordinated  clinical  studies  in  radiotherapy  will  be  expanded,  with 
the  intent  of  improving  the  therapeutic  ratio  by  modifying  the 
response  of  tissues  with  hyperthermia,  radiosensitizers  or  radio- 
protectors,  and  by  exploiting  the  differential  effects  of  radiation  on 
tumor  cells  versus  normal  cells  by  means  of  unconventional  dosage 
schedules  and  high-energy  particles. 

•  The  intraoperative  radiotherapy  research  program  will  be  expanded  to 
include  more  institutions  in  the  studies  of  the  use  of  that  modality 
for  intra-abdominal  tumors  and  for  tumors  in  other  sites  in  conjunc- 
tion with  radiation  modifiers  such  as  chemical  sensitizers,  hypoxic 
cell  radiosensit izers/radioprotectors  ,  and  hyperthermia. 

•  Studies  will  be  encouraged  on  acute  and  late  effects  of  radiation, 
with  and  without  the  concomitant  use  of  radiation  modifiers.   As  new, 
unconventional  radiation  treatment  schedules  are  developed,  and  as 
they  are  combined  with  radiation  modifiers,  side  effects  may  be 
significantly  different  and  must  be  investigated  thoroughly. 

•  The  use  of  photoradiation  in  the  treatment  of  localized  malignancies 
will  be  expanded. 

•  Investigator-initiated  radiological  physics  research,  which  is  essen- 
tial to  progress  in  clinical  radiotherapy,  will  be  conducted.   Areas 
to  be  more  intensively  investigated  include  methods  for  improved  tumor 
delineation  (e.g.,  CT  scanning);  methods  for  improved  treatment 
planning  by  integrating  new  and  emerging  imaging  techniques  and 
computer  technology;  methods  for  improved  radiation  delivery;  and 
methods  for  improved  radiation  dosimetry. 

•  Quality  assurance  programs  both  in  physics  and  in  the  clinical 
aspects  of  radiation  therapy  delivery  will  also  be  expanded  through 
the  centers  for  radiologic  physics  and  the  clinical  cooperative 
groups . 


Nutrition 

Planned  activities  in  the  area  of  nutrition  include  completing  nutri- 
tional assessment  studies  and  initiating  calorimetry  studies  in  cancer 
patients.   The  latter  will  provide  additional  insight  into  the  pathophysiology 
of  weight  loss  in  such  patients.   The  results  of  nutritional  assessment, 
calorimetry,  and  nutritional  intervention  studies  will  be  integrated  to 
formulate  further  strategies  for  nutritional  support  of  cancer  patients. 
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since  weight  loss  is  an  important  factor  in  the  prognosis  of  such  patients, 
developing  better  nutritional  support  may  improve  their  prognoses.   Therefore, 
studies  concerned  with  assessing  the  effects  of  cancer  and  its  treatment  on 
appetite  and  eating  behavior  of  patients,  as  well  as  projects  concerned  with 
the  alteration  of  eating  behavior  in  patient  subgroups,  may  be  initiated. 
Research  will  continue  to  assess  the  efficacy  of  total  parenteral  nutrition  in 
support  of  the  cancer  patient.   These  studies  will  employ  stable  isotopes  and 
labeled  substrates  to  examine  glucose  and  amino  acid  metabolism.   In  addition, 
animal  models  will  be  used  to  examine  gluconeogenesis  and  glucose  kinetics. 
Studies  on  enteral  nutrition  will  be  initiated  to  determine  whether  this  sim- 
pler approach  to  nutritional  support  can  provide  a  patient  benefit  equivalent 
to  that  from  the  complex  and  expensive  parenteral  alimentation. 


Organ  Site  Program 

The  following  new  protocols  continue  to  be  investigated  by  the  National 
Bladder  Cancer  Project:   Protocol  8,  involving  study  of  combined  small-field 
radiotherapy  and  chemotherapy  with  cis-platinum  in  potentially  curable  pa- 
tients with  invasive  bladder  cancer  who  cannot  undergo  cystectomy;  Protocol  9, 
involving  phase  II  chemotherapy  studies  currently  testing  m-AMSA  in  patients 
with  metastatic  bladder  cancer  who  have  failed  or  cannot  tolerate  cis- 
platinum;  Protocol  10,  comprising  randomized  trials  of  Mitomycin  C  versus 
thio-TEPA  in  patients  with  residual  low-stage  bladder  cancer,  and  Mitomycin  C 
therapy  in  patients  with  residual  low-stage  bladder  cancer  who  have  failed  on 
thio-TEPA;  and  Protocol  11,  involving  a  single  administration  of  thio-TEPA 
following  transurethral  resection  of  all  tumors  of  the  bladder,  followed  by 
randomization  to  sequential  thio-TEPA  for  patients  at  high  risk  of  developing 
further  low-stage  bladder  tumors. 

Other  protocols  still  in  the  developmental  stage  include  a  study  of 
small-field  radiotherapy  in  patients  with  low-stage  bladder  cancer  who  have 
failed  all  other  forms  of  conservative  treatment,  and  a  study  of  methotrexate 
alone  and  in  combination  with  methotrexate  and  cis-platinum  in  advanced 
carcinoma  patients  who  are  ineligible  for  the  protocols  involving  surgery  and 
radiation  therapy. 

The  National  Large  Bowel  Cancer  Project  will  foster  development  of  new 
chemotherapeutic  drugs  to  treat  large  bowel  cancer.   Emphasis  will  continue 
on  the  development  and  improvement  of  quantitative  techniques  for  measuring 
the  effectiveness  of  treatment  of  apparent  or  subclinical  disease.   Research 
will  be  pursued  to  identify  metabolic  pathways  involved  in  nucleic  acid  and 
protein  synthesis.   Fundamental  studies  of  cell-surface  glycoproteins  and 
membrane  structure  will  be  continued  to  uncover  abnormal,  exploitable  cellular 
function.   Studies  that  may  soon  be  ready  for  implementation  include  the  use 
of  selective  irradiation  of  tumors  with  slow  neutrons  by  combining  a  neutron- 
capturing  agent  with  tumor-localizing  antibodies;  chemotherapy  of  human 
adenocarcinoma  using  quinazoline  analogues  of  folic  acid  as  well  as  poly- 
glutamyl  derivatives  and  a  10-formyl  modification  alone  and  in  combination 
with  5-FU;  and  the  use  of  differentiation  modulating  agents  such  as 
N,N-dimethyl formamide  to  improve  the  efficacy  of  antineoplastic  regimens. 

Fast-neutron  radiation  therapy  combined  with  chemotherapy  should  be 
evaluated  in  the  treatment  of  nonresectable  pancreatic  cancer.   This  work 
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viould  assess  the  effects  of  neutron  radiation  and  chemotherapy  on  residual 
pancreatic  cancer.   Conventional  radiation  therapy  has  had  an  equivocal  effect 
on  pancreatic  cancer,  but  a  combination  of  5-FU  and  radiation  therapy  has  been 
reported  to  affect  survival. 

The  National  Prostatic  Cancer  Project  has  among  its  objectives:   (1)  the 
evaluation  and  improvement  of  additional  therapy  modalities  on  prostatic  can- 
cer by  synthesis,  testing,  and  selection  of  new  agents  and  procedures,  and  the 
determination  of  their  therapeutic  effectiveness;  and  (2)  the  development  of 
combination  therapeutic  modalities  where  appropriate,  based  upon  new  infor- 
mation, and  the  evaluation  of  their  usefulness  in  clinical  disease  states 
involving  local,  regional,  and  metastatic  disease.   Major  emphasis  will  be 
placed  on  research  in  the  following  areas: 

•  Evaluation  and  comparison  of  therapeutic  modalities 

•  Clinical  demonstration  studies  of  newer  treatment  approaches  to  nodes- 
positive  and/or  high-grade  histopathology  (Gleason  staging  7,  8,  9, 
and  10)  prostate  cancer 

•  Evaluation  of  nutritional  status  and  nutritional  intervention  in 
advanced  prostatic  cancer 

•  Development  and  evaluation  of  new  concepts  to  control  prostatic  growth 

•  Studies  of  the  development  of  resistance  and  tumor  cell  heterogeneity 

•  Biology  of  invasiveness  and  metastatic  spread. 

Increasing  both  survival  time  and  time  to  development  of  progressive  disease,  and 
obtaining  objective  and  subjective  responses  in  prostatic  cancer  are  major  goals. 

International  Activities 

The  American/French  effort  in  clinical  cancer  research  has  been  reorga- 
nized and  redirected  to  include  joint  studies  on  (1)  phase  I  and  II  clinical 
trials  and  preclinical  studies  of  the  efficacy  of  nitrosoureas,  platinum 
analogues,  anthracyclines ,  maytansine,  ellipticine,  vinca  alkaloids,  and 
melphalan;  (2)  phase  III  studies  of  gastrointestinal  tumors;  and  (3)  the 
treatment  of  resistant  breast  cancer.   Other  collaborative  efforts  will  be 
directed  toward  studying  multiple  pharmacologic  and  biochemical  determinants 
of  drug  action. 

Collaboration  with  Italian  colleagues  will  include  chemotherapy  of 
Stages  I  to  III  breast  cancer,  phase  I  studies  of  deoxycoformycin  in  pediatric 
oncology,  phase  II  pediatric  studies,  experimental  metastasis  models  and  therapy 
sensitivity,  biological  response  modifiers,  and  studies  of  pain  in  adults  and 
children,  including  monitoring  of  administered  pharmacologic  agents. 

Hungarian  People's  Republic  scientists  will  join  their  American  counter- 
parts in  investigating  the  exchange  of  candidate  anticancer  agents  of  synthetic 
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and  natural  origin.   Scientists  will  collaborate  in  the  preclinical  testing  of 
potential  agents  in  tumor  test  systems  common  to  both  countries  and  in  the 
preclinical  and  clinical  biochemical  pharmacologic  investigation  of  individual 
and  combinations  of  drugs.   Other  areas  of  Hungarian/U.S.  cooperation  will 
include  cooperative  phase  I  and  II  clinical  trials  and  selected  areas  of 
biological  response  modification  of  therapeutic  pertinence. 

With  the  Japanese,  Americans  will  look  to  new  approaches  to  immune 
modulation  in  lung  cancer  with  emphasis  on  using  that  therapeutic  mode  as 
adjuvant  to  curative  surgical  resection.   Scientists  of  the  two  countries  will 
examine  combined  drug  and  x-ray  approaches  for  treating  oat  cell  lung  cancer 
as  well  as  using  new  drugs  and  drug  combinations  for  all  types  of  advanced 
lung  cancer  and  will  pursue  new  approaches  to  radiation  therapy  for  lung  cancer. 

Revisions  and/or  modifications  are  planned  for  American/Soviet  studies  on 
the  treatment  of  specific  cancers  and  of  new  approaches  to  selecting  compounds 
of  synthetic  and  natural  origin  for  use  in  preclinical  testing.   An  American/ 
Soviet  tamoxifin  study  will  continue,  and  CBDCA  clinical  studies  will  be 
initiated . 

A  number  of  potentially  useful  agents  of  natural  origin  are  forthcoming 
to  the  NCI  from  the  People's  Republic  of  China.   Among  these  are  Pingyongmycin, 
which  is  effective  in  hepatoma,  cervix,  and  breast  cancers;  the  antibiotic 
Chuangxinmycin;  a  new  drug,  Schizandrin  a;  and  Bimolane,  which  is  currently  in 
evaluation  as  a  radiopotentiator . 
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Projected  Funding  —  NCI  Treatment,  Rehabilitation,  and  Continuing  Care 

Research  Activities 


CONTROL 


Current  Activities 


The  Treatment,  Continuing  Care,  and  Rehabilitation  Program  is  the  NCI 
focal  point  for  several  areas  of  special  interest  in  cancer  control.   Among 
the  more  prominent  activities  supported  are  (1)  rehabilitation,  both  physical 
and  psychosocial;  (2)  pain  control;  (3)  improved  approaches  to  the  care  of 
patients  with  advanced  cancer  and  to  the  support  of  their  families;  (4)  orga- 
nizational research;  and  (5)  studies  of  the  education,  attitudes,  and  behavior 
of  physicians,  nurses,  and  other  health  professionals.   (Several  of  these 
activities,  such  as  pain  and  hospice  studies,  have  research  components  and  are 
discussed  in  the  previous  section.)   The  investigations  are  designed  to 
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address  cancer  control  issues  relevant  to  patients,  families,  the  public  in 
general,  volunteers  providing  care,  health  professionals,  and  those  persons 
organizing  to  deliver  cancer  care. 

Over  the  past  decade,  increasing  numbers  of  highly  trained  clinical 
cancer  specialists,  experienced  in  clinical  research  and  protocol  care,  have 
been  entering  private  practice  in  communities.   Experience  within  several 
cooperative  groups  indicates  that  physicians  caring  for  cancer  patients  in  the 
community  can  maintain  the  same  high  quality  of  clinical  research  activities 
as  that  associated  with  academic  centers.   There  is  evidence  that  new 
technology  can  be  transferred  effectively  by  having  community  physicians 
participate  in  clinical  research  activities. 

The  CCOP  initiative  is  designed: 

•  To  bring  the  advantages  of  clinical  research  to  cancer  patients  in 
their  own  communities  by  having  practicing  doctors  and  their  patients 
participate  in  clinical  treatment  research  protocols  and  thus  to 
foster  an  exchange  between  clinical  research  and  cancer  control 

•  To  reduce  national  mortality  by  speeding  the  transfer  of  newly  devel- 
oped cancer  treatment  technology  to  widespread  community  application 

•  To  provide  a  basis  for  involving  a  wider  segment  of  the  community  in 
cancer  control  activities  and  to  investigate  the  diffusion  of  cancer 
therapy  advances  in  community  medical  practices  (the  diffusion 
hypothesis  presumes  that  introduction  of  quality-controlled  clinical 
research  trials  in  the  community  will  benefit  also  those  patients  not 
treated  as  part  of  this  protocol) 

•  To  develop  programs  that  will  serve  as  part  of  a  broadly  based 
nationwide  resource  for  quality-controlled  distribution  of  increasing 
numbers  of  experimental  anticancer  agents 

•  To  facilitate  community  participation  in  future  cancer  control 
prevention  research  activities  planned  by  the  NCI. 

Two  technology  transfer  projects  were  recently  completed,  synthesizing 
the  information  and  experiences  of  the  16  cancer  network  demonstration  pro- 
jects.  Two  monographs  were  prepared,  describing  the  current  knowledge,  skills, 
and  technology  gained  from  the  16  projects  in  order  to  provide  the  results  of 
the  projects  to  other  health  professionals  interested  in  developing  network 
programs.   A  compilation  of  the  educational  materials  prepared  by  the  networks 
for  the  public  and  for  health  professionals  is  included  in  each  monograph. 

Both  positive  and  negative  consequences  of  network  formation  are 
explained  in  the  monographs:   the  lessons  learned,  achievements  and  short- 
comings, organizing  care  for  cancer  patients  over  a  large  geographical  area 
for  a  range  of  interventions,  and  problems  that  arose  in  forming  the  networks. 
Information  about  approaches  for  forming  a  network,  multidisciplinary  total 
patient  management,  data  collection,  evaluation  methodology,  and  developing 
educational  programs  for  both  professionals  and  the  public  is  included. 
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Proceedings  of  the  September  1981  conference,  "Perspectives  on  Prevention 
and  Treatment  of  Cancer  in  the  Elderly,"  which  was  cosponsored  by  the  NCI  and 
the  NIA,  are  currently  in  preparation.   This  monograph  will  present  the  con- 
ference findings  related  to  the  unique  problems  and  needs  of  the  elderly  for 
prevention,  early  detection,  diagnosis,  and  management  of  cancer.   Speakers 
contributing  manuscripts  for  this  document  represent  the  fields  of  aging, 
oncology,  epidemiology,  and  the  social  sciences. 

Conference  papers  addressed  breast,  colorectal,  prostate,  and  skin 
cancers  in  the  elderly.   Increasing  numbers  of  elderly  necessitate  increased 
attention  to  their  special  health  care  needs. 

The  final  document  will  cover  a  considerable  amount  of  information  in 
both  geriatric  medicine  and  oncology  and  will  identify  research  gaps  (for 
example,  in  epidemiological  studies,  in  clinical  trials,  on  tumor  behavior  as 
related  to  age,  and  on  pharmacokinetics  and  pharmacology). 

During  the  2-year  implementation  phase  of  the  Community  Hospital  Oncology 
Program  (CHOPs),  a  model  approach  to  development  of  a  community  cancer  program 
is  being  field  tested  (in  single  institutions,  community  consortia  of  insti- 
tutions, and  rural  institutions).   The  purpose  of  these  CHOPs  is  to  show  that 
a  community  can  improve  the  scope  and  quality  of  its  care  to  cancer  patients 
over  that  previously  given. 

In  developing  and  implementing  each  program,  the  cooperating  hospitals 
and  health  care  professionals  will  observe  the  following  procedures:   CHOP 
participants  will  define  criteria  and  develop  management  guidelines,  assess 
the  extent  to  which  medical  practice  in  the  program  corresponds  to  recommended 
guidelines,  and  use  the  information  to  modify  and  improve  community  cancer 
care . 


Planned  Activities 

In  March  1982,  an  RFA  was  issued  to  establish  a  new,  long-range  program 
of  studies  on  defined  populations  to  show  how  specific  cancer  control  activ- 
ities affect  the  cancer  incidence,  morbidity,  and/or  mortality  of  defined/ 
target  populations.   Components  of  this  Program  are  designated  Cancer  Control 
Research  Units  (CCRUs). 

Three  types  of  activities  are  expected  to  be  supported  through  the  CCRU 
grant  mechanism: 

1.  Research  to  determine  whether,  how,  and  to  what  extent  actions 
proposed  for  a  particular  cancer  are  effective  in  reducing  cancer 
incidence,  morbidity,  and  mortality  in  defined  populations  (these 
populations  should  be  defined  so  as  to  allow  generalization  to  large 
segments  of  the  United  States  population  for  purposes  of  Cancer 
Control  Program  development) 

2.  Research  to  determine  the  optimal  strategies  for  measurably  reducing 
incidence,  mortality,  or  morbidity  for  a  particular  cancer  or  cancers 
and  research  on  methods  for  efficiently  implementing  these  strategies 
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3.  Selective  implementation  of  strategies  proven  efficacious  for  a 
particular  cancer  or  cancers  and  assessment  of  the  efficacy  and 
practicality  of  such  strategies  for  large  populations. 

The  CCRUs  are  considered  specialized  research  units  requiring  long-term 
support.  They  involve  multidisciplinary  participation  and  require  access  to 
defined  populations  in  order  to  measure  the  effects  on  populations  of  cancer 
control  activities.  A  number  of  institutions  or  organizations  in  the  United 
States  are  believed  to  have  the  "critical  mass"  of  resources  and  qualified 
personnel  to  become  research  units  of  this  type. 

Each  CCRU  will  be  organized  by  a  Director  and  employ  a  core  group  of 
highly  competent  investigators,  each  able  to  obtain  peer-reviewed  project 
support.   Investigators  will  receive  project  support  for  defined  population 
studies  as  well  as  for  other  approved  studies,  including  developmental 
research  projects.   A  minimum  of  three  defined  population  studies  (a  chemo- 
prevention  study  may  substitute  for  one)  must  be  approved  by  peer  review 
before  funding  is  considered.   Support  can  range  up  to  5  years,  with  the 
opportunity  for  renewal. 

In  developing  a  CCRU,  the  highest  priority  will  be  given  to  research 
involving  cancers  causing  the  greatest  mortality/morbidity  in  the  United 
States,  cancers  for  which  substantial  risk  has  been  associated  with  common 
exposures,  and  cancers  for  which  apparently  effective  actions  are  available. 

The  Cancer  Control  Science  Program  (CCSP)  encourages  the  development  of 
core  groups  of  researchers  throughout  the  United  States  who  will  perform 
cancer  control  research  studies.   These  groups  will  complement  the  CCRUs. 
Each  CCSP  must  have  a  minimum  of  three  cancer  control  research  projects, 
approved  by  peer  review,  with  defined  population  studies  optional.   Develop- 
ment funds  may  be  included  for  pilot  projects  of  high  scientific  merit  that 
have  future  promise  of  being  supported  as  individual,  peer-reviewed  research 
projects . 

Cancer  control  projects  in  the  Treatment,  Continuing  Care,  and  Rehabili- 
tation Program  will  continue  to  emphasize  (1)  participation  of  community 
physicians  who  are  experienced  oncologists  so  that  advances  in  treatment 
research  can  be  applied  earlier  to  cancer  patients  in  the  community, 
(2)  interhospital  relationships  linking  community  hospitals  with  cancer 
center  resources,  and  (3)  support  of  efforts  to  expand  and  extend  the  cancer 
care  knowledge  base.   A  new  initiative  is  to  encourage  cancer  control  research 
that  develops  or  tests  actions  or  interventions  aimed  at  specific  high-risk 
populations.   New  directions  will  include  examining  the  social,  economic, 
and  emotional  burdens  that  cancer  creates  for  patients  and  their  families. 
Relationships  shift  with  the  reordering  of  priorities  of  daily  living. 
Rigorous  study  of  areas  of  beneficial  manipulation  is  needed.   Single  inter- 
ventions and  combinations  of  interventions  to  reduce  or  eliminate  these 
burdens  represent  fertile  areas  for  future  exploration. 

The  effects  of  several  community-based  cancer  programs  will  be  evaluated 
to  determine  whether  they  are  achieving  their  primary  objectives — to  provide 
the  highest  quality,  most  up-to-date  cancer  management  to  patients  in  the 
community  setting  and  to  establish  a  mechanism  to  facilitate  the  transfer  of 
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new  technology  to  the  conmunity.   The  evaluation  issues  are:   (1)  To  what 
extent  have  these  programs  been  successful  in  meeting  these  objectives?  and 
(2)  Which  elements  or  combinations  of  elements  are  most  effective  in  upgrading 
the  quality  of  cancer  care  for  all  patients  in  the  community?   This  evaluation 
will  consider  the  unique  components  for  each  program  and  their  interactions 
over  time  to  meet  NCI  program  goals.   More  specifically,  a  descriptive  analy- 
sis will  be  performed  of  the  organizational  arrangements  of  each  program,  the 
demographic  variables  of  the  communities,  and  the  patient  care  practices. 
Information  will  be  obtained  about  the  most  effective  approaches  to  encourage 
community  physicians  to  introduce  advanced  technology  into  their  community 
practices;  to  participate  in  clinical  research  activities;  and  to  provide  the 
highest-quality,  up-to-date  care  to  all  their  patients. 

Experiences  with  the  CHOP  model  approach  to  community  cancer  program 
development  will  be  completed  and  evaluated.   Recommendations  regarding 
successful  approaches  will  then  be  disseminated  and  promoted  through  mono- 
graphs and  other  media.   Newer  directions  in  community  oncology  will  be 
based  on  the  increasing  number  of  highly  trained  oncologists  entering  the  com- 
munity setting  as  a  result  of  NCI-supported  training  and  education  programs. 
This  increased  sophistication  of  the  health  care  community  should  permit 
highly  advanced,  improved  therapies  to  be  applied  at  the  level  of  primary 
cancer  care.   Achievement  of  this  goal  will  require  close  cooperation  between 
primary  research  centers  and  community  care  providers  on  a  regional  basis. 

Current  activities  are  aimed  at  attaining  a  clearer  understanding  of  the 
incidence  and  magnitude  of  pain  caused  by  cancer.   Future  program  activities 
will  include  investigations  into  the  nature  of  cancer  pain  and  the  alteration 
of  pain  experience  by  behavioral  as  well  as  pharmacological  means.   Based 
on  new  knowledge  gained  in  the  area  of  cancer  pain  management,  educational 
efforts  may  be  directed  toward  ensuring  that  cancer  care  providers  possess  the 
information  and  skills  necessary  to  control  completely  the  pain  of  cancer. 
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Projected  Funding  —  NCI  Treatment,  Rehabilitation,  and  Continuing  Care 

Control  Activities 


RESOURCES  AND  SUPPORT 


Current  Activities 

The  resources  and  support  activities  related  to  treatment,  rehabilita- 
tion, and  continuing  care  focus  on  anticancer  agents,  information  activities, 
and  training  efforts. 
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Many  extensive  ongoing  projects  are  directed  toward  the  development  of 
new  agents  for  the  treatment  of  cancer.   These  include  large-scale  drug 
acquisition,  primary  and  secondary  evaluation  of  agents  in  vivo,  development 
of  new  screening  systems,  pharmaceutical  development  and  formulation,  bulk 
synthesis,  radiolabeled  synthesis,  preclinical  toxicological  evaluation  of 
drugs  and  analogues,  data  processing,  literature  surveillance,  and  biochemical 
and  pharmacological  investigations  of  drugs.   The  projects  described  below 
have  been  initiated  recently. 


•  Several  projects  are  assessing  the  validity  and  usefulness  of  the 
human  tumor  stem  cell  cloning  assay  as  a  screening  system  to  detect 
new  chemotherapeutic  activities. 

•  Large  amounts  of  human  leukocyte,  fibroblast,  and  inmiune  interferons 
are  being  obtained  for  clinical  trials  against  a  variety  of  tumors. 

•  The  Biologic  Response  Modifier  Program  is  studying  mouse  interferon 
in  preclinical  studies  to  determine  its  antitumor  activity. 

•  The  BRMP  is  also  studying  therapeutic  and  biological  potential  of 
the  Tumor  Necrotizing  Factor  (TNF). 

•  Resources  are  being  provided  for  research  and  development  of  drugs 
that  selectively  sensitize  tumor  cells  to  radiation  as  well  as 

for  those  that  selectively  protect  normal  tissue  from  radiation 
damage . 

•  New  congeners  of  effective  anticancer  agents  are  being  designed  to 
have  a  broader  spectrum  of  antitumor  activity,  less  toxicity,  and 
greater  potential  for  clinical  use. 

•  Bulk  quantities  of  fermentation  products  are  being  prepared  at 
Frederick  Cancer  Research  Facility,  since  these  materials  are  not 
readily  available  elsewhere. 

•  A  systematic  program  to  evaluate  putative  BRMs  will  include  assays 

for  T  cells,  B  cells,  monocyte  and  macrophage  function,  and  an  in  vivo 
tumor  panel. 

•  Nucleoside  derivatives  targeted  to  inhibit  specific  biochemical 
sites  are  being  synthesized.   This  project  should  expand  the 
therapeutic  range  of  this  useful  class  of  antitumor  antimetabolites. 

•  NCI  supports  an  active  clinical  drug  testing  program  that  is 
critical  to  assuring  a  continued  flow  of  drugs  into  the  clinic. 
This  program  evaluates  more  than  15  drugs  yearly  and  allows  for 
toxicity  testing  (phase  I),  efficacy  evaluation  (phase  II),  and 
evaluations  of  efficacy  in  comparison  to  established  therapies 
(phase  III). 

•  NCI  makes  available  to  qualified  physicians  certain  experimental 
drugs  that  have  documented  indication  of  efficacy  for  certain  cancers 
but  are  not  yet  commercially  available. 
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The  Centers  for  Radiological  Physics  (CRPs)  have  provided  833 
reviews  at  327  different  institutions.   At  present,  260  institutions 
are  receiving  CRP  reviews,  and  it  is  estimated  that  about  25  percent 
of  all  clinical  physicists  in  the  United  States  have  been  involved. 
The  impact  of  the  CRPs  has  been  primarily  in  the  practice  of  radio- 
logical physics  as  it  applies  to  radiation  oncology  and  to  diagnostic 
radiology.   The  major  accomplishment  has  been  an  increased  accuracy 
in  the  delivery  of  radiation  dose  to  cancer  patients.   The  ability 
to  compare  clinical  results  from  the  various  cooperative  programs, 
which  involves  many  diverse  community  facilities,  depends  on  uniform 
and  high-quality  radiation  therapy.   This,  in  turn,  depends  on 
accurate  dosimetry.   It  is  essential,  therefore,  to  maintain  a 
quality  control  program  in  which  radiation  equipment,  dosimetric 
methods,  and  patient  doses  are  reviewed. 

The  Radiological  Physics  Center  (RPC) ,  located  at  the  M.  D.  Anderson 
Hospital  and  Tumor  Institute,  supplements  the  CRPs  by  providing 
quality  assurance  in  radiation  therapy  physics  to  institutions 
conducting  clinical  trials  in  the  United  States  and  a  number  of 
foreign  countries.   RPC  has  visited  275  institutions  and  is  presently 
monitoring  332.   RPC  uses  techniques  quite  similar  to  those  employed 
by  CRP. 


Under  the  interagency  agreement  with  the  National  Center  for  Health 
Statistics,  an  improved  method  for  determining  national  cancer  care  costs  by 
region,  type  of  provider,  site,  stage,  treatment  modality,  and  other  relevant 
variables  has  been  identified  and  is  currently  being  evaluated  in  a  3-year 
pilot  study. 

Services  related  to  cancer  treatment  and  rehabilitation  are  provided 
by  several  special  information  activities  supported  by  the  International 
Cancer  Research  Data  Bank  Program,  including:   (1)  the  Cancer  Information 
Dissemination  and  Analysis  Center  for  Diagnosis  and  Therapy;  (2)  an  Inter- 
national Cancer  Patient  Data  Exchange  System,  with  participation  of  nine 
European  and  five  U.S.  cancer  centers,  which  is  evolving  toward  an  inter- 
nationally recognized  and  standardized  tumor  registry;  (3)  an  International 
Directory  of  Specialized  Cancer  Research  and  Treatment  Establishments, 
(4)  a  Latin  American  Cancer  Research  Information  Project;  and  (5)  The 
Compilation  of  Cancer  Therapy  Protocol  Summaries.   Descriptions  of  current 
cancer  research  projects  in  the  cancer  therapy  area,  such  as  diagnosis 
and  treatment  of  specific  cancers,  development  of  antitumor  and  antiviral 
agents,  clinical  immunology  and  immunotherapy,  radiation  therapy,  and 
rehabilitation  and  supportive  care,  are  disseminated  through  the  CANCERPROJ 
data  base.   ONCOLOGY  OVERVIEWS  cover  a  variety  of  clinical  cancer  research 
areas. 

An  information  project,  Coping  with  Cancer,  is  aimed  at  clarifying 
the  psychosocial  aspects  of  cancer,  and  at  dispelling  myths  that  charac- 
terize the  prevailing  image  of  cancer.   To  promote  the  message  that  cancer 
is  not  a  death  sentence  and  that  steps  can  be  taken  to  cope  better  with  the 
disease,  the  Office  of  Cancer  Communications  is  continuing  to  develop 
materials  for  patients  and  their  families  and  health  professionals,  and 
articles  for  placement  in  consumer  and  professional  publications.   Much  of 
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the  work  of  this  information  program  has  come  to  fruition  after  extensive 
research  and  development  phases  and  now,  after  being  evaluated,  will  be 
revised  and  expanded. 

Information  about  a  wide  variety  of  preclinical,  clinical,  and 
treatment-  related  epidemiological  research  is  collected,  reviewed,  and 
exchanged  by  direct  publication,  information  center  services,  training, 
and  program  liaison.   The  NCI  serves  as  a  general  clearinghouse  for 
reporting  advances,  and  as  a  point  of  contact  for  learning  of  clinical 
advances . 

The  NCI  supports  research  training  in  the  area  of  treatment  and 
restorative  care.   Predoctoral  and  postdoctoral  trainees  are  supported 
in  drug  development,  nutrition,  chemotheraphy,  and  immunology.   Only  post- 
doctoral research  training  is  supported  in  surgical,  medical,  pediatric,  and 
radiation  oncology.   The  distribution  of  awards  for  FY  1982  is  shown  in  the 
following  chart. 


Predoctoral 

Institutional  Fellowship 
Trainees  (Training  Grants)     25 

Individual  Postdoctoral 
Fellowships 

Research  Career  Development 
Awardees 

Total  25 


Specific  examples  of  training  activities  supported  in  this  area 
follow. 


Efforts  are  being  made  to  ensure  that  radiation  therapy 
receives  appropriate  emphasis  in  undergraduate  and  graduate 
medical  and  dental  education;  that  nutritional  support  and 
maintenance  are  stressed  as  components  of  cancer  therapy;  and 
that  the  importance  of  obtaining  accurate  and  detailed  clinical 
data  in  monitoring  cancer  treatment  and  evaluating  therapeutic 
results  is  stressed. 

Dental  students  are  now  instructed  in  the  physiological  and  psycho- 
social aspects  of  cancers  of  other  organs,  as  well  as  lesions  of  the 
head  and  neck,  so  that  dental  practitioners  can  offer  personal  support 
and  understanding  along  with  oral  care. 

Support  of  the  American  College  of  Surgeons'  consultation  and  approval 
services  for  hospital  cancer  programs  continues. 


192 


Postdoctoral 

Dollars 

155 

$3,174,000 

19 

357,000 

18 

702,000 

192 

$4,233,000 

Planned  Activities 

The  planned  resource  development  projects  of  the  preclinical  and  clinical 
treatment  program  include  the  following: 


•  The  production  of  large  quantities  of  T  cell  growth  factor  at 
Frederick  Cancer  Research  Facility  will  be  initiated  as  soon  as 
possible  in  order  to  characterize  a  retrovirus  released  by  a  human 
T  cell  line.   This  cell  line  requires  the  factor  for  its  growth. 

•  The  characterization  and  analysis  of  proteinaceous  antitumor  materials 
have  been  an  urgent  need  for  some  time.   With  the  advent  of  the  BRMP, 
this  need  has  increased,  and  such  a  project  has  been  implemented. 

•  Monitoring  the  world  literature  for  potential  antitumor  agents  has 
proven  to  be  a  source  of  valuable  leads  for  chemical  acquisition. 
A  project  will  soon  be  initiated  to  improve  and  increase  the 
surveillance . 


Also,  NCI  is  developing  a  pediatric  phase  I  testing  group  that  will  be 
analogous  to  the  adult  phase  I  groups.   This  program  will  allow,  for  the 
first  time,  the  systematic  phase  I  evaluation  of  new  drugs  in  pediatric 
patients . 

A  new  physician- investigator  development  award  will  be  initiated  in 
FY  198A.   This  program  is  intended  to  recruit  young  physicians  with  high 
potential  for  biomedical  research  into  academic  medicine.   More  surgical 
oncologists  and  radiation  therapists  are  especially  needed  in  cancer 
research. 

Resources  and  support  for  cancer  treatment  activities  will  also  be 
provided  through  NCI  Cancer  Center  Support  (Core)  Grants  and  construction 
awards . 
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CHAPTER  VIII 

SPECIAL  PROGRAMS  AND  ACTIVITIES 

Within  the  NCI,  there  are  several  programs  and  activities  that  have 
distinctive  characteristics  (such  as  organizational  status,  scope  of  inter- 
actions, and  specificity  of  goals)  that  preclude  their  adequate  description  in 
either  the  four  major  categories  of  activity  or  the  NCI  Program  Structure. 
The  following  sections  describe  these  special  programs  and  activities:   the 
National  Organ  Site  Program;  the  Smoking,  Cancer,  and  Health  Program;  the 
Diet,  Nutrition,  and  Cancer  Program;  technology  transfer  activities;  inter- 
national activities;  and  information  dissemination  activities. 

National  Organ  Site  Program 

The  National  Organ  Site  Program  was  implemented  by  the  National  Cancer 
Institute  at  the  beginning  of  the  last  decade  to  foster  and  stimulate  inter- 
disciplinary research  aimed  at  cancers  of  certain  organ  sites  where  the  level 
of  research  activity  had  not  been  commensurate  with  the  public  health  problem 
the  diseases  posed.   National  Organ  Site  Projects  were  established  for  cancers 
of  the  urinary  bladder,  large  bowel,  pancreas,  and  prostate.   Each  Project  was 
headquartered  at  a  nongovernmental  institution  where  the  planning,  direction, 
and  coordination  of  a  national  program  of  targeted  research  was  initiated 
under  the  leadership  of  a  Project  Director  assisted  by  a  working  cadre  of 
research  scientists  recruited  from  institutions  throughout  the  country.   Each 
Project  solicited  grant  applications  to  fulfill  its  national  plan,  thereby 
initiating  programs  of  targeted  investigator-initiated  research.  New  investi- 
gators have  been  attracted  to  the  Program,  and  the  Program  has  succeeded  in 
stimulating  new  research  in  these  organ  site  areas. 

Recently,  the  National  Cancer  Advisory  Board  (NCAB)  commissioned  a  peer 
review  of  the  entire  Organ  Site  Program  by  an  outside,  independent  body  of 
scientists.   In  its  report,  this  review  committee  concluded  that  the  Program 
has  been  successful  and  recommended  changes  that  would  retain  planning  and 
coordination  by  outside  scientists  while  adding  increased  efficiency,  effec- 
tiveness, and  flexibility  to  the  Program.   After  careful  study  of  the  report, 
the  NCAB  concluded  that  there  is  a  continuing  need  for  a  targeted  organ  sys- 
tems cancer  effort.   They  recommended  reorganization  of  the  present  Program  to 
an  Organ  Systems  Program  wherein  the  four  existing  headquarters  would  be 
replaced  by  a  single  extramural  coordinating  center,  which  would  continue  to 
provide  outside  planning  and  coordination  in  each  of  the  areas  of  current 
organ  site  emphasis.   At  the  same  time,  this  coordinating  center  would  provide 
continuous  evaluation  of  the  Program  so  that  new  organ  systems  requiring  spe- 
cial emphasis  will  be  identified,  and  areas  that  have  reached  a  level  of 
activity  that  can  be  sustained  through  the  regular  programs  of  the  NCI  will 
receive  less  attention  by  the  Organ  Systems  Program.   The  NCI  has  accepted 
these  recommendations. 
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While  the  Organ  Site  Program  was  a  successful  invention  of  the  last  decade, 
the  new  Organ  Systems  Program  is  seen  as  the  innovation  for  the  next  decade. 
The  following  paragraphs  describe  how  the  current  Program  and  the  Breast 
Cancer  Program  will  be  reorganized  and  incorporated  into  the  new  Program. 
This  reorganization  will  retain  special  emphasis  in  the  areas  of  breast,  large 
bowel,  pancreas,  prostate,  and  urinary  bladder  while  adding  flexibility  to 
initiate  programs  in  other  organ  systems  that  may  require  special  attention. 
Furthermore,  it  will  relieve  the  fiscal  pressures  the  Program  has  faced  by 
making  it  competitive  with  the  regular  grants  programs  of  the  NCI. 

The  goal  of  the  National  Organ  Systems  Program  will  be  to  reduce  cancer 
incidence,  morbidity,  and/or  mortality  by: 

•  Pursuit  of  targeted  research  through  investigator-initiated  efforts 

•  Application  of  a  spectrum  of  research  disciplines  to  cancer  within 
specific  organ  systems 

•  Encouragement  of  accomplished  investigators  to  study  cancer  in 
specific  organs 

•  Recruitment  of  administrative  expertise  from  the  biomedical  community 
for  planning  and  implementing  targeted  research 

•  Funding  of  targeted  research  through  a  grant  mechanism 

•  Use  of  the  NIH  system  of  peer  review. 

An  Organ  Systems  Coordinating  Center  (OSCC)  will  be  established  by  the 
NCI  through  a  cooperative  agreement  at  an  institution  outside  the  Government. 
Application  for  such  a  center  will  be  through  a  peer-reviewed,  open  competi- 
tion.  The  OSCC  will  be  administered  by  a  Director  who  is  a  health  profes- 
sional with  demonstrated  competence  in  cancer  research  and  cancer  research 
administration.   The  Director  will  be  assisted  by  an  administrative  staff  at 
the  center  and  will  assemble  an  Organ  Systems  Coordinating  Group  composed  of 
scientists  recruited  from  institutions  throughout  the  country.   Initially, 
this  Coordinating  Group  will  form  three  working  groups:   a  gastrointestinal,  a 
genitourinary,  and  a  breast  working  group.   Each  of  the  working  groups  will 
utilize  members  from  the  existing  task  forces  as  well  as  new  members  and  will 
be  assisted  by  an  NCI  Executive  Secretary.   The  chairperson  of  each  working 
group  will  be  a  member  of  the  Organ  Systems  Coordinating  Group,  which  will 
provide  overall  planning  and  coordination  for  the  Program  and  will  provide 
continuous  evaluation  to  identify  organ  systems  in  need  of  special  emphasis  as 
well  as  areas  no  longer  requiring  special  attention. 

The  breast,  gastrointestinal,  and  genitourinary  working  groups  will  have 
responsibility  for  program  planning  and  coordination,  planning  and  conduct  of 
workshops  and  conferences,  publications,  identification  of  areas  appropriate 
for  technology  transfer,  and  annual  reporting  to  the  NCI.   They  will  develop 
multidisciplinary  program  plans  focusing  research  on  the  cause,  prevention, 
detection,  diagnosis,  and  treatment  of  cancer  in  the  various  organ  systems. 
These  plans  will  be  frequently  updated  and  formally  revised  yearly.   The  plans 
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will  serve  as  guides  for  the  kinds  of  research  needed  to  maximize  the  impact 
of  the  Organ  Systems  Program  on  cause,  prevention,  detection,  diagnosis,  and 
treatment.   Areas  of  emphasis  will  be  established  with  each  revision  of  the 
program  plans.   These  plans  will  be  transmitted  to  the  appropriate  NCI  Boards 
of  Scientific  Counselors  for  concept  approval.   The  OSCC  Director  and  working 
groups  through  the  Organ  Systems  Coordinating  Group  will  publicize  the  program 
plans  of  cancer  research  and  will  encourage  investigators  to  apply  for 
research  grants  to  help  fulfill  the  aims  and  objectives  of  each  plan. 

The  OSCC  will  be  responsible  for  state-of-the-art  assessments  for  each  of 
the  organ  systems  involved.   To  this  end,  and  to  discharge  its  planning  respon- 
sibility, the  OSCC  will  conduct  workshops  and  conferences  on  a  timely  basis  to 
discuss  areas  deemed  ready  for  research  implementation,  or  to  survey  a  partic- 
ular field  and  make  appropriate  recommendations.   Such  workshops  and  confer- 
ences would  normally  result  in  written  communications  to  the  scientific  com- 
munity or  medical  profession  or  may  identify  areas  with  potential  for  medical 
applications . 

In  order  to  effect  an  orderly  transition  to  the  new  Program,  the  four 
existing  Organ  Site  Project  headquarters  will  be  maintained  until  the  new 
Organ  Systems  Coordinating  Center  becomes  operational,  probably  by  the  end  of 
1983.   Sufficient  time  would  thus  be  allowed  to  identify  and  obtain  through 
open  competition  decided  by  peer  review  the  highest-quality  scientific  and 
administrative  expertise  for  establishing  the  center.   During  this  transition 
period,  the  existing  headquarters  would  continue  their  planning  activities, 
including  conducting  workshops  and  conferences.   Current  Project  working 
cadres  would  remain  active,  and  their  membership  would  be  utilized  in  the  new 
program,  taking  rotational  schedules  into  account.   Past  and  present  accom- 
plishments of  the  Organ  Site  Program  would  thus  be  preserved  and  built  upon  in 
the  new  Organ  Systems  Program. 

National  Organ  Site  and  Breast  Cancer  Program  activities  are  described, 
as  appropriate,  in  Chapters  IV  through  VII. 


Smoking,  Cancer,  and  Health  Program 

The  Smoking,  Cancer,  and  Health  Program  represents  a  number  of  organiza- 
tional units  within  the  NCI,  with  central  coordination  provided  by  the 
Division  of  Resources,  Centers,  and  Community  Activities.   Research  and 
demonstration  activities  in  toxicology,  epidemiology,  prevention,  behavior, 
pharmacology,  education,  and  information  training  are  included  in  this  Program 
and  are  described  in  Chapter  V,  Cause  and  Prevention. 

This  Program  aims  to  identify  cancer  risks  associated  with  smoking  and 
tobacco  use,  to  develop  strategies  for  the  prevention  and  cessation  of  tobacco 
use,  and  to  conduct  antismoking  information  programs.   Current  activities 
include  studies  directed  toward  understanding  biobehavioral  dependence  on 
smoking  and  tobacco  use,  epidemiological  studies  to  assess  health  effects 
attributed  to  changing  smoking  and  tobacco  habits,  toxicological  studies  to 
determine  the  promoting  and  carcinogenic  effects  of  constituents  in  both  the 
particulate  and  gaseous  phases  of  cigarettes,  and  biological  studies  to 
identify  individuals  at  unusually  high  risk  for  the  development  of  cancer. 
Also  included  are  community  demonstration  and  education  programs  for  deterring 
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smoking  behavior  in  children  and  adolescents  and  the  development  of  cessation 
programs  directed  toward  high-risk  subgroups  who  are  not  decreasing  their 
smoking  and  use  of  tobacco.   In  addition,  NCI  works  with  physicians,  dentists, 
and  pharmacists  to  provide  smokers,  most  of  whom  want  to  quit,  with  informa- 
tion about  ways  to  quit  smoking. 

The  NCI  Smoking,  Cancer,  and  Health  Program  is  coordinated  with  the  smok- 
ing programs  of  other  DHHS  agencies.   NCI  staff  members  meet  regularly  with 
staff  of  the  Office  of  Smoking  and  Health,  the  National  Institute  on  Drug  Abuse, 
the  National  Institute  of  Mental  Health,  the  Food  and  Drug  Administration,  the 
National  Center  for  Health  Statistics,  the  Centers  for  Disease  Control,  and 
several  Institutes  of  the  NIH.   The  coordinator  of  the  NCI  Smoking,  Cancer,  and 
Health  Program  chairs  an  interagency  group  on  smoking  and  behavior  that  provides 
a  forum  for  discussing  programmatic  issues  and  scientific  matters. 

Through  the  Office  of  Smoking  and  Health  and  through  direct  contacts, 
the  NCI  maintains  liaison  with  nongovernment  organizations  involved  in  smoking 
and  health  activities.   Contacts  with  professional,  labor,  scientific,  and 
voluntary  organizations  ensure  exchange  of  information  on  matters  of  mutual 
interest . 


Diet,  Nutrition,  and  Cancer  Program 

The  Diet,  Nutrition,  and  Cancer  Program  (DNCP),  established  in  1974, 
coordinates  efforts  within  the  NCI  to  develop  and  disseminate  information 
about  the  role  of  diet  and  nutrition  in  the  etiology  and  prevention  of  cancer 
and  in  the  treatment,  long-term  management,  and  rehabilitation  of  the  cancer 
patient,  and  to  coordinate  NCI  nutrition  activities  with  those  of  other 
organizations . 

In  1981,  the  DNCP  was  placed  organizationally  in  the  Division  of 
Resources,  Centers,  and  Community  Activities  of  the  NCI,  where  efforts 
continue  toward  developing  an  integrated  and  coordinated  nutrition  program 
within  the  Institute.   Generating  new  program  activities  is  largely  the 
responsibility  of  each  concerned  division,  with  concept  review  provided  by 
the  respective  Board  of  Scientific  Counselors  or  Advisory  Committee.   Each 
division  retains  responsibility  for  funding  and  day-to-day  management  of 
specific  nutrition  projects. 

Overall  coordination  is  the  responsibility  of  the  Coordinator,  DNCP,  who 
represents  the  Institute  on  the  NIH  Nutrition  Coordinating  Committee.   An 
internal  working  group,  composed  of  representatives  from  appropriate  NCI 
offices  and  divisions,  is  planning  the  NCI  program  in  diet,  nutrition,  and 
cancer.   Communications  activities  are  coordinated  through  the  Office  of 
Cancer  Communications,  NCI. 

Technology  Transfer  Activities 

The  transfer  of  technologies  that  are  ready  for  broad  application  in  the 
health  care  delivery  system  is  an  important  function  of  the  National  Cancer 
Program;  this  transfer  makes  the  results  of  cancer  research  available  for  the 
benefit  of  the  public.   While  one  must  avoid  excessive  delays  in  transferring 
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research  results  into  broad-scale  community  intervention,  it  is  equally 
important  to  avoid  premature  application  of  cancer  research  technologies. 
Assessment  and  dissemination,  using  a  variety  of  techniques,  are  complementary 
parts  of  the  total  effort.   These  techniques  range  from  research  on  needs 
assessment  and  application  methods  to  field  tests,  demonstrations,  and 
education. 

There  are  several  stages  in  technology  transfer.  For  many  years,  the  NCI 
has  emphasized  traditional  forms  of  the  process,  using  clinical  trials  and 
various  educational  and  training  techniques.   Since  1972,  the  Cancer  Control 
Program  has  played  an  important  role  in  technology  transfer.   More  recently, 
both  the  Congress  and  the  NIH  have  stressed  the  need  to  formalize  the  process. 
To  that  end,  NIH  established  the  Office  of  Medical  Applications  of  Research 
(OMAR)  to  coordinate  and  foster  inter-Institute  collaboration  and  planning  in 
the  transfer  of  technology.   The  OMAR,  in  turn,  organized  a  committee  of 
Institute  representatives  to  augment  its  own  functions. 

The  Stevenson-Wydler  Technology  Innovation  Act  of  1980  (P.L.  96-480) 
requires  that  after  September  1,  1981,  each  agency  with  Federal  laboratories 
allocate  at  least  one  half  of  one  percent  of  the  agency's  research  and 
development  budget  to  enhance  technological  innovation  by  strengthening  the 
relationships  among  government,  industry,  and  academia.   The  Act  requires  each 
Federal  laboratory  to  establish  an  Office  of  Research  and  Technology  Applica- 
tions (ORTA)  but  permits  the  use  of  existing  similar  organizations  to  combine 
ORTA  functions  within  such  organizations.   OMAR  serves  as  an  equivalent  to 
ORTA  for  the  NIH. 

Within  the  NCI,  increased  emphasis  has  been  placed  on  the  process  of 
consensus  development,  through  the  designation  of  a  director  for  the  Office  of 
Medical  Applications  of  Cancer  Research  (OMACR).   This  process,  in  which  a 
conference  of  experts  explores  all  aspects  of  a  particular  medical  problem  to 
try  to  reach  a  consensus,  is  also  designed  to  assess  the  readiness  of  new 
techniques  for  broad-scale  application.   Thus,  OMACR  has  continuing  responsi- 
bility for  the  identification  of  those  NCI  research  findings  that  are  ready 
for  use  in  medical  practice. 

Consensus  Development  Conferences  examine  each  topic  in  open  sessions, 
usually  held  at  the  NIH  in  Bethesda.   Experts  are  invited  to  review  the 
scientific  basis  of  the  specific  subject,  carefully  evaluating  the  benefits  as 
well  as  the  risks  that  may  be  related  to  the  implementation  of  a  specific 
technology  in  large  populations.   Ethical,  moral,  economic,  and  legal  issues 
are  also  explored  and  may  be  of  great  significance  in  various  issues 
confronted  at  these  conferences . 

The  recommendations  of  Consensus  Development  Conferences  are  published 
and  widely  disseminated  to  practicing  health  professionals.   The  segments 
of  the  NCI  that  are  responsible  for  technology  transfer  (the  Cancer  Control 
Program,  education  programs,  and  the  Office  of  Cancer  Communications) 
incorporate  these  recommendations  into  their  projects  and  activities. 

The  OMACR  follows  research  activities  and  coordinates  existing  infor- 
mation on  cancer  prevention,  screening,  diagnosis,  treatment,  rehabilitation, 
and  continuing  care,  as  well  as  trends  in  medical  practice  and  issues  of 
general  public  concern.   OMACR  activities  include  coordinating  and  organizing 
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groups  of  scientists,  practitioners,  other  interested  parties,  and  the  public 
to  examine  these  issues  in  a  consensus  forum  to  develop  recommendations  on 
practice-ready  methods  and  techniques.   The  OMACR  also  responds  to  requests 
from  government  patent  offices  to  evaluate  the  scientific  merit,  novelty,  and 
utility  of  inventions  that  have  been  developed  through  DHHS  support. 

The  NCI  is  the  leader  in  staging  consensus  development  conferences  that 
focus  on  cancer-related  technologies.   Potential  topics  for  NCI-sponsored 
consensus  activities  are  selected  with  the  advice  of  the  NCI  research  divi- 
sions and  their  advisory  groups.   Issues  that  are  controversial  or  are  of 
particular  interest  to  the  public  or  to  the  medical  professions  are  candidates 
for  consensus  development.   One  subject  to  be  examined  in  FY  1983  is  precur- 
sors to  malignant  melanoma. 

Technology  transfer  activities  appropriately  take  place  in  each  of  the 
Divisions  of  the  NCI,  where  programs  are  continually  examined  and  evaluated 
for  implementation  or  promotion  on  a  national  scale.   In  1982  one  such  program 
has  been  the  planning  of  a  new  system  for  on-line  access  of  information  on 
clinical  protocols  in  current  use  by  the  Cancer  Therapy  Evaluation  Program 
(CTEP)  of  the  Division  of  Cancer  Treatment.   Through  the  efforts  of  the 
International  Cancer  Research  Data  Bank  (ICRDB)  and  CTEP  staff  members,  the 
protocol  data  will  be  provided  to  physicians  and  patients  having  access  to 
Medline.   This  new  cancer  treatment  information  resource,  the  PDQ  computer 
data  base,  began  operation  in  September  1982.   Information  about  treatment 
protocols  sponsored  by  the  NCI  at  institutions  throughout  the  country  can  be 
accessed  via  the  National  Library  of  Medicine's  MEDLARS  telephone  network. 
The  individual  using  the  PDQ  file  (user)  is  given  the  title,  objective,  and 
entry  criteria  of  the  protocol  and  the  name(s)  and  phone  number  of  the  person 
who  can  be  contacted  regarding  the  clinical  study.   PDQ  I  is  being  refined  and 
updated  monthly. 

PDQ  2  involves  the  development  of  a  "user-friendly"  interface.   The 
individual  user  will  be  guided  by  a  series  of  simple  questions  and  answers  to 
retrieve  or  query  the  data  base  for  a  qualified  physician  in  his  or  her 
vicinity  who  is  experienced  in  managing  specific  cancers.   Access  for  such 
data  is  targeted  for  July  1,  1983. 

Other  examples  of  technology  transfer  include  clinical  trials  research, 
multimodality  treatment  studies,  mult idisciplinary  programs  in  cancer  research 
at  educational  and  research  institutions  in  the  Cancer  Centers  Program,  devel- 
opment of  a  national  computerized  cancer  patient  data  system  at  cancer  centers, 
establishment  of  community  clinical  oncology  programs,  and  technology  devel- 
opment and  technology  transfer  in  the  areas  of  pain  control  and  implementation 
of  the  hospice  concept  for  the  care  of  terminal  cancer  patients. 


International  Activities 

Differences  in  the  geographic,  environmental,  occupational,  and  social 
conditions  of  people  throughout  the  world  influence  the  incidence  of  types  of 
cancer  in  a  given  area.   Through  collaboration  with  international  organiza- 
tions and  foreign  scientists,  NCI  is  becoming  increasingly  aware  of  the  crucial 
factors  for  improving  the  quality  and  quantity  of  health  services  required  for 
coping  with  the  problems  of  cancer.   By  sharing  international  cancer  research 
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resources,  the  NCI  can  ensure  more  rapid  advances  in  basic  research  and  in  its 
application  to  the  clinical  management  and  control  of  cancer. 

The  international  contributions  of  the  NCI  include:   (1)  continuing  sup- 
port of  cancer  research  in  foreign  countries  by  highly  qualified  scientists; 
(2)  support  of  cooperative  research  programs,  principally  under  bilateral 
agreements  with  foreign  governments,  institutions,  or  organizations;  (3)  the 
maintenance  of  liaison  and  research  collaboration  with  international  organi- 
zations and  agencies  that  have  well-defined  objectives  in  cancer  research  and 
cancer  prevention;  (4)  the  support  of  training  of  foreign  scientists  in  the 
United  States  as  well  as  of  the  interaction  of  American  scientists  with 
colleagues  in  foreign  laboratories;  and  (5)  the  management  and  operation  of 
an  International  Cancer  Research  Data  Bank  for  promoting  and  facilitating  the 
worldwide  exchange  of  information  about  cancer  research,  care  and  management 
of  patients,  and  cancer  control  and/or  prevention.   Specific  NCI  international 
activities  are  described,  as  appropriate,  in  Chapters  IV  through  VII. 

The  National  Cancer  Institute  has  been  a  party  to  government-to- 
government  bilateral  agreements  for  cooperation  in  cancer  research  since  May 
23,  1972,  the  time  of  the  signing  of  the  U.S.-U.S.S .R.  Agreement  for  Coopera- 
tion in  the  Fields  of  Medical  Science  and  Public  Health.   Subsequently,  such 
scientific  relationships  have  been  negotiated  with  the  Japanese  Society  for 
the  Promotion  of  Science  (1974);  the  Institute  of  Oncology  of  Warsaw,  Poland 
(1976);  the  Cairo  Cancer  Institute,  Cairo,  Egypt  (1976);  the  Ministry  of 
Science  and  Technology  of  the  Federal  Republic  of  Germany  (1976);  the  French 
Institut  National  de  la  Sante  et  de  la  Recherche  Medicale  (1977);  the  National 
Tumor  Institute  of  Milan  and  its  affiliate,  the  Institute  of  Experimental 
Oncology  of  Genoa  (1978);  the  People's  Republic  of  China  (1979);  and  the 
National  Institute  of  Oncology  and  two  associate  institutes  in  Budapest, 
Hungarian  People's  Republic  (1981). 

Information  Dissemination  Activities 

Effective  information  exchange  and  dissemination  are  essential  for 
research,  and  the  National  Cancer  Act  specifically  identifies  information 
activities  as  an  integral  component  of  the  National  Cancer  Program. 

NCI  has  organized  and  supported  a  wide  variety  of  information  activities 
that  ensure  information  availability  and  transfer  to  researchers,  clinicians, 
health  agencies,  and  the  public.   The  NCI  has  developed  approaches  tailored  to 
the  needs  of  the  relevant  communities  of  scientific  disciplines,  professional 
groups,  and  public  audiences. 

Some  information  activities  emphasize  awareness.   Such  activities  alert 
the  public  to  carcinogenic  hazards  of  chemical  agents,  tobacco  use,  or  the 
value  of  risk  avoidance,  such  as  prudent  diets  and  lowered  exposure  to  sun- 
light and  other  hazards.   These  prevention  activities,  as  well  as  specific 
information  activities  in  detection  and  diagnosis  or  treatment,  rehabilita- 
tion, and  continuing  care,  are  described  in  the  appropriate  chapter.   Other 
information  activities  provide  researchers  with  strengthened  access  to  the 
formal  scientific  literature  and  stimulate  contact  with  colleagues  through 
meetings,  symposia,  and  workshops.   Programs  such  as  the  International  Cancer 
Research  Data  Bank,  which  will  be  described  later  in  this  section,  enable 


201 


researchers  to  scan  the  world's  cancer  literature  more  easily  and  more 
quickly.   The  NCI  also  sponsors  the  Journal  of  the  National  Cancer  Institute 
and  Cancer  Treatment  Reports,  both  widely  read  by  the  scientific  community. 

Cancer  Communications  Networic  (CCN) 

The  CCN  was  established  in  1976  to  ensure  that  accurate,  up-to-date 
information  on  all  aspects  of  cancer  is  readily  available  and  accessible  to 
the  public  and  to  health  professionals.   The  Network  currently  supports 
18  regional  offices  funded  by  the  NCI.   Three  additional  offices  not  funded  by 
NCI  actively  participate  in  the  information  exchange  that  occurs  throughout 
the  Network. 

Each  network  office  is  responsible  for: 


•  Establishing  a  Communications  Office  to  plan,  administer,  promote, 
develop  support  materials  for,  and  evaluate  activities  undertaken  by 
the  staff 

•  Developing  and  maintaining  a  resource  directory  of  agencies  and 
services  available  to  cancer  patients  and  their  families  within  their 
defined  service  area 

•  Establishing  and  operating  a  toll-free  telephone  service  (the  Cancer 
Information  Service,  or  CIS)  to  provide  immediate  answers  to  cancer- 
related  questions  from  the  public 

•  Identifying,  developing,  implementing,  and  evaluating  a  limited  number 
of  special  projects  to  meet  specific  cancer  information/education 
needs  within  their  service  area. 


While  the  basic  conceptual  nature  of  the  CCN  program  has  not  changed,  net- 
work offices  now  have  more  detailed  program  requirements,  and  there  is  greater 
standardization  among  network  offices  in  several  areas.   In  addition,  the  NCI 
recently  increased  its  management  role,  stressing  the  importance  of  quality 
control  and  evaluation  and  providing  more  direction  for  special  projects. 

Evaluation  of  the  CIS  continues.   The  quality  assessment  program  has 
undergone  pretesting,  and  the  standardized  call  record  form  was  pretested  in 
September.   More  than  800,000  callers  have  been  served  by  the  CIS  since  1976. 
Currently,  the  CIS  averages  11,500  calls  each  month. 

The  National  Publicity  and  Promotion  Task  Force  has  continued  to  advise 
the  NCI  on  promotional  materials  for  the  Network.   A  plan  for  publicity  and 
promotion  of  the  CIS  has  been  prepared  and  is  now  used  as  background  and 
guidance  for  the  Network  and  for  the  NCI.   The  Task  Force  is  currently 
developing  a  marketing  plan  for  the  CIS.   Two  public  service  announcements 
were  developed  for  the  Network  by  the  NCI,  one  of  which  was  cosponsored  by 
the  National  Candlelighters  Foundation.   Other  public  service  announcements 
produced  by  various  CIS  offices  were  replicated  by  the  NCI  for  use  by  the 
entire  Network. 
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The  Staff  and  Volunteer  Training  Task  Force  has  been  established  to  develop 
a  uniform  training  program  for  use  by  the  Network.   This  task  force  will  review 
all  training  programs  currently  in  operation  and  will  use  the  information 
acquired,  together  with  new  information,  to  develop  a  standard  program. 

Examples  of  special  projects  currently  under  way  throughout  the  Network 
include  a  series  of  leaders'  forums;  the  Seniors  Team  Up  Against  Cancer  health 
education  project;  a  Pap  smear  education  program  for  high-risk  women;  cancer 
risk  self-assessments;  a  cancer  program  for  older  citizens;  cancer  education 
programs  directed  toward  the  Black  and  Hispanic  communities;  an  information 
dissemination  campaign  for  rural  audiences.   Many  newsletters,  radio  programs, 
and  mass  media  campaigns  provide  cancer  information  and  education  to  various 
target  audiences.   In  addition,  a  Psychosocial  Cancer  Counseling  Line  has  been 
developed  by  the  office  at  UCLA  to  meet  the  psychological  and  emotional  needs 
of  cancer  patients  and  their  families. 


Office  of  Cancer  Communication  (OCC)  Information  Programs 

During  FY  1982,  the  OCC  planned  a  comprehensive  national  study  entitled 
"Survey  of  Public  Knowledge,  Attitudes,  and  Practices  Related  to  Cancer." 
This  f irst-of-a-kind  study,  to  begin  in  FY  1983,  will  enable  member  organiza- 
tions of  the  National  Cancer  Program,  including  the  NCI,  to  better  plan, 
develop,  implement,  and  evaluate  public  information  and  education  programs  on 
cancer.   The  results  of  this  survey  will  be  disseminated  widely  to  health 
program  planners,  health  educators,  physicians,  and  others  in  a  position  to 
influence  public  understanding  of  this  disease. 

The  OCC  supports  a  special  program  of  information  development  and 
distribution  that  focuses  on  such  areas  of  particular  need  and  impact  as 
smoking  education,  coping  with  cancer,  breast  cancer,  and  minority  health 
education.   The  target  audiences  are  identified,  messages  or  information 
content  are  specified,  and  strategies  for  effective  communications  are 
explored.   Many  NCI  projects  concentrate  on  working  with  and  coordinating 
the  health  information  efforts  of  groups  with  in-place  health  information  and 
education  programs.   This  is  an  effective  and  efficient  way  of  reaching  target 
groups.   For  example,  the  NCI  may  be  responsible  for  initial  program  develop- 
ment, materials  testing,  production,  and  printing;  and  cooperating  groups 
determine  ways  to  involve  their  own  resources.   These  groups  can  then  put  the 
products  into  use.   This  type  of  cooperative  arrangement  has  been  employed 
with  the  American  Dental  Association,  the  American  Pharmaceutical  Association, 
State  health  departments,  labor  unions,  and  numerous  large  corporations. 
Increasingly,  private  sector  organizations  are  becoming  involved  in  such 
programs  and  have  been  able  to  add  their  resources  to  expand  and  build  upon 
NCI  programs . 

Special  projects  are  being  continually  evaluated  and  improved  through  a 
variety  of  techniques.   For  example,  during  FY  1982  an  analysis  of  television 
messages  was  conducted  by  the  Health  Message  Testing  Service,  a  unique  vehicle 
cosponsored  by  the  NCI  and  other  interested  organizations  for  testing  broad- 
cast and  print  materials  to  help  ensure  their  effectiveness.   A  guide  of 
principles  and  procedures  for  conducting  public  service  campaigns,  which  will 
be  based  on  this  analysis,  will  be  released  in  FY  1983.   The  Health  Message 
Testing  Service  has  enabled  the  NCI  to  improve  its  publications  by  making  the 
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language  more  understandable  to  the  reader  and  the  content  more  relevant  to 
the  reader's  concerns. 

In  cooperation  with  the  Public  Health  Service,  the  OCC  is  developing  a 
program  to  reach  Hispanics  with  important,  relevant  health  information.   Part 
of  this  information  concerns  reducing  one's  risk  for  cancer  and  methods  of 
early  detection  of  cancer. 

The  NCI  Office  of  Cancer  Communications  operates  a  Clearinghouse  to  collect 
and  promote  information  about  public  and  patient  educational  materials  and  pro- 
grams.  As  a  national  resource  for  cancer  educational  materials,  the  Clearing- 
house can  help  organizations  locate  needed  existing  materials  or  can  help  assess 
the  need  for  developing  new  materials.   Hospitals,  clinics,  health  agencies,  and 
information  centers  assist  the  Clearinghouse  by  supplying  new  materials  and 
identifying  needed  materials.   Approximately  2,500  custom  searches  were  con- 
ducted in  FY  1982.   Information  is  available  about  document  sources,  subject 
matter,  titles,  cost,  and  other  related  facts.   Clearinghouse  users  include  pro- 
fessionals who  develop  cancer  education  programs  for  the  public  or  for  patients. 

The  Clearinghouse  underwent  substantial  changes  during  the  past  fiscal 
year.   In  the  future,  the  Clearinghouse  will  emphasize  custom  searches  of  its 
data  base  for  users  and  will  de-emphasize  the  publication  of  topical  bibli- 
ographies, which  become  dated  too  quickly.   In  addition,  the  Clearinghouse  will 
no  longer  carry  information  about  professional  education  programs  or  materials; 
these  topics  are  well  covered  by  other  agencies. 

The  NCI,  with  media  cooperation,  continued  its  efforts  to  reach  a  wider 
audience  by  stimulating  public  inquiries.   NCI  staff  members  participated  in 
interviews  on  radio  and  television  and  assisted  writers  in  preparing  articles 
published  in  national  news  magazines,  family  magazines,  and  American  and  foreign 
newspapers.   The  NCI  is  a  helpful,  reliable  source  of  information  about  cancer 
and  cancer  research.   Thousands  of  inquiries  from  the  press  were  answered  in  FY 
1982.   Press  inquiries  showed  a  high  level  of  interest  in  the  causes  of  cancer 
and  in  new  approaches  to  treatment . 


International  Cancer  Research  Data  Bank  (ICRDB) 

The  ICRDB  is  an  international  information  resource  for  cancer  researchers 
that  promotes  the  rapid  exchange  of  cancer  research  findings  among  scientists. 

Major  components  of  the  ICRDB  Program  include:   (1)  three  on-line  computer 
data  bases  (collectively  known  as  CANCERLINE)  that  enable  scientists  to  retrieve 
cancer  information  easily  at  more  than  2,500  locations  within  the  United  States 
and  in  13  other  countries;  (2)  several  publications  providing  complete  coverage 
of  cancer  research  information  in  special  formats  designed  for  easy  use  and 
quick  reference;  and  (3)  specialized  information  collection,  analysis,  and 
dissemination  activities. 

The  computer  data  bases  of  the  CANCERLINE  system  are:   (1)  CANCERLIT,  which 
contains  more  than  320,000  abstracts  of  published  cancer  literature,  papers 
presented  at  meetings,  books,  technical  reports,  and  theses; 

(2)  CANCERPROJ,  which  contains  descriptions  of  20,000  current  cancer  research 
projects  from  80  countries;  and  (3)  CLINPROT ,  which  has  summaries  of  some  3,200 
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experimental  cancer  treatment  protocols,  of  which  1,300  are  currently  under 
active  clinical  investigation.   CANCERLINE  data  bases  are  accessible  through  the 
computer  system  of  the  National  Library  of  Medicine. 

Publications  of  the  ICRDB  Program  include:   (1)  CANCERGRAMS — monthly  bul- 
letins containing  abstracts  of  recently  published  literature  in  66  major  cancer 
research  areas;  (2)  ONCOLOGY  OVERVIEWS — retrospective  bibliographies,  with 
abstracts  on  15  topics  selected  annually  because  of  their  current  interest  to 
cancer  researchers;  (3)  Compilation  of  Cancer  Therapy  Protocol  Summaries — 
protocol  entries  of  phase  II  and  III  clinical  trials  currently  in  progress  in 
cancer  institutes  throughout  the  world;  (4)  Directory  of  Cancer  Research 
Information  Resources;  and  (5)  special  collaborative  publications. 

The  ICRDB  Program,  in  collaboration  with  the  Pan  American  Health 
Organization  and  its  Regional  Library  of  Medicine  in  Sao  Paulo,  Brazil,  has 
developed  and  implemented  mechanisms  for  identifying,  collecting,  and  supplying 
Latin  American  biomedical  literature  and  data  about  ongoing  cancer-related 
research  projects  in  Latin  America  for  input  to  the  CANCERLINE  system. 

Through  the  International  Union  Against  Cancer  (UICC)  in  Geneva,  Switzer- 
land, the  ICRDB  Program  encourages  international  scientist-to-scientist  commu- 
nication through  the  International  Cancer  Research  Technology  Transfer  Program 
(ICRETT).   Direct  and  rapid  transfer  of  technical  information  is  promoted 
through  ICRETT  among  two  or  more  investigators  located  in  different  countries  by 
supporting  short-term  visits  that  permit  the  scientists  to  exchange  information 
related  to  new  research  developments  and  techniques.   Since  its  inception, 
ICRETT  has  granted  awards  to  600  international  scientists  representing  42 
countries . 

In  cooperation  with  the  UICC,  the  ICRDB  Program  has  provided  partial 
support  for  a  special  Committee  for  International  Collaborative  Activities 
(CICA).   CICA  aids  in  the  collection  of  information  about  ongoing  cancer 
research  projects  (including  clinical  protocols)  in  72  countries.   CICA  also 
promotes  collaborative  projects  among  cancer  centers  and  cancer  scientists  in 
different  countries.   Periodically,  CICA  publishes  the  International  Directory 
of  Specialized  Cancer  Research  and  Treatment  Establishments;  the  current  edition 
contains  descriptions  of  nearly  700  cancer  centers. 

The  International  Cancer  Patient  Data  Exchange  System  (ICPDES)  has  been 
established  under  CICA  sponsorship.   The  ICPDES  could  result  in  the  first 
internationally  recognized  and  standardized  tumor  registry  providing  comparative 
data  of  value  in  cancer  treatment  and  prevention.   Participating  in  this  pilot 
program  are  five  American  cancer  centers,  eight  institutes  in  Western  Europe, 
one  institute  in  Hungary,  and  one  institute  in  the  U.S.S.R. 

The  International  Medical  Information  Center  in  Tokyo  coordinates  the 
screening  and  collection  of  cancer-related  information  from  Japan  and  from  other 
Asian  countries  for  entry  into  the  CANCERLINE  data  bases. 

Summary 

As  is  evident  from  the  preceding  paragraphs,  the  NCI  information 
dissemination  effort  is  broadly  based  and  is  conducted  through  various  media. 
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Information  dissemination  activities  support  other  NCI  programs  and 
activities  (for  example,  the  efficient  transfer  of  knowledge  and  technologies 
from  the  laboratory  to  medical  practice,  scientist-to-scientist  interaction,  and 
public  awareness  of  cancer-preventive  measures  and  the  latest  diagnostic  and 
treatment  methods). 

The  best  available  estimate  for  NCI  information  dissemination  expenditures 
for  FY  1982  is  about  $71  million.   This  figure  covers  information  support  for 
major  research  programs,  such  as  data  banks,  epidemiology,  dosage  testing, 
carcinogenesis,  and  treatment,  as  well  as  specialized  information  services  for 
clinicians,  health  professionals,  and  the  public.   The  NCI's  information  effort 
is  directed  predominantly  toward  researcher  information  transfer  (40  percent); 
other  areas  include  information  for  health  professionals  (27  percent),  the 
general  public  and  patients  (20  percent),  and  science  program  administrators  (13 
percent) . 


206 


APPENDIX 


PROFESSIONAL  ORGANIZATIONS  INVOLVED  IN  CANCER  ACTIVITIES 


American  Academy  of  Family  Physicians 
1740  West  Ninety-Second  Street 
Kansas  City,  Missouri  64114 

American  Association  for  Cancer  Education 
In  care  of  Dr.  John  Horton 
Division  of  Oncology 
Albany  Medical  College 
Albany,  New  York   12208 

American  Association  for  Cancer  Research 
Temple  University  School  of  Medicine 
Student-Faculty  Center,  LB-41 
Philadelphia,  Pennsylvania   19140 

American  Association  for  the  Study  of  Neoplastic  Diseases 
10607  Miles  Avenue 
Cleveland,  Ohio  44105 

American  College  of  Chemosurgery 
In  care  of  Rex  A.  Amonette 
969  Madison  Avenue 
Memphis,  Tennessee  38104 

American  College  of  Obstetricians  and  Gynecologists 
600  Maryland  Avenue,  S.W.,  Suite  300 
Washington,  D.C.   20024 

American  Dental  Association 
211  East  Chicago  Avenue 
Chicago,  Illinois   60611 

American  Hospital  Association 
840  North  Lake  Shore  Drive 
Chicago,  Illinois   60611 

American  Joint  Committee  on  Cancer 
55  East  Erie  Street 
Chicago,  Illinois   60611 
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American  Nurses'  Association 

2420  Pershing  Road 

Kansas  City,  Missouri   64108 

American  Pharmaceutical  Association 
2215  Constitution  Avenue,  N.W. 
Washington,  D.C,   20037 

American  Society  of  Clinical  Oncology 
435  North  Michigan  Avenue,  Suite  1717 
Chicago,  Illinois   60611 

American  Society  of  Cytology 
Health  Sciences  Center 
130  South  Ninth  Street,  Suite  810 
Philadelphia,  Pennsylvania   19107 

Association  of  American  Cancer  Institutes 
In  care  of  Timothy  R.  Talbot,  Jr.,  M.D. 
Fox  Chase  Cancer  Center 
Philadelphia,  Pennsylvania   19104 

Association  of  Community  Cancer  Centers 
1160  Nebel  Street,  Suite  201 
Rockville,  Maryland   20852 

International  Academy  of  Cytology 

1050  Chemin  Ste-Foy 

Quebec,  P.Q.,  Canada  Gls  418 

International  Association  for  Comparative  Research 

on  Leukemia  and  Related  Diseases 
410  West  Twelfth  Avenue,  Suite  302 
Columbus,  Ohio  43210 

Society  of  Surgical  Oncology 

13  Elm  Street 

Manchester,  Massachusetts   01944 


A-2 


GLOSSARY  OF  ABBREVIATIONS 


-A- 

AAF      -   2-acetylaininofluorene 

ABVD     -  Adriamycin,  Bleomycin, 
Vinblastine,  DTIC 

ACOG     -  American  College  of 
Obstetricians  and 
Gynecologists 

ACR      -   adenomatosis  of  the 
colon  and  rectum 

ACS      -   American  Cancer  Society 

ADAMHA   -  Alcohol,  Drug  Abuse,  and 
Mental  Health  Adminis- 
tration 

AFL-CIO  -  American  Federation  of 
Labor  and  Congress  of 
Industrial  Organizations 

AFP      -   alpha- fetoprotein 

AIDS     -   acquired  immunodefi- 
ciency syndrome 

cAMP     -   cyclic  adenosine  mono- 
phosphate 

m-AMSA   -   Methanesulfonamide , 

N-[4-(9-acridinylamino)- 
3-methoxyphenyl ] 

API      -   American  Petroleum 
Institute 

AT       -   ataxia  telangiectasia 

ATLV     -   adult  T  cell  leukemia 
virus 

AZQ      -   aziridinylbenzo- 
quinone 


BCDDP 


-B- 

-  bursal  equivalent- 
derived  lineage 

Breast  Cancer  Detection 
Demonstration  Project 


BHA 

-  butylated  hydroxyan 

BMT 

-  bone  marrow 

transplantation 

BP 

-  benzo(a)pyrene 

BPH 

-   benign  prostatic 

hypertrophy 

BRM 

-  biological  response 

modifier 

BRMP     -   Biological  Response 
Modifiers  Program 

BSC      -  Board  of  Scientific 
Counselors 

BSE      -  breast  self-examination 

-C- 

CBDCA    -   platinum;  diamine  [1,1- 
cyclobutanedi-carboxy 
lato-(2-)-0,0]-,  (SP-4-2) 

CCN      -   Cancer  Communications 
Network 

CCNU     -   l-(2-chloroethyl)-3- 

cyclohexyl-1-  nitrosourea 

CCOP     -   community  clinical 
oncology  program 

CCPDS    -   Centralized  Cancer 
Patient  Data  System 
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CCRU 


CCSG 


CCSP 


CDC 


CEA 


CEH 


hCG 


CHOP 


CHPE 


Cancer  Control  Research 
Unit 

Cancer  Center  Support 
(Core)  Grant 

Cancer  Control  Science 
Program 

Centers  for  Disease 
Control 

car c  inoembr yonic 
antigen 

Center  for  Environmental 
Health 

human  chorionic 
gonadotropin 

Community  Hospital 
Oncology  Program 

Center  for  Health 
Promotion  and  Education 


CRP      -  Centers  for  Radiological 
Physics 

CSA      -   colon-specific  antigen 

CT       -  computer-assisted 
tomography 

CTEP     -  Cancer  Therapy  Evaluation 
Program 

-D- 

DCRT     -  Division  of  Computer 

Research  and  Technology 

DCT      -  Division  of  Cancer 
Treatment 

DES      -  diethylstilbestrol 

DESAD    -  diethylstilbestrol  and 
adenosis 

DHHS     -  Department  of  Health  and 
Human  Services 


CICA 


CIDAC 


CIP 


CIS 


CMBP 


CMF 


cCMP 


CPSC 


Committee  for  Inter- 

DMSO 

national  Collaborative 

Activities 

DNA 

Cancer  Information  Dis- 

DNCP 

semination  and  Analysis 

Center 

DNS 

Clinical  Investigation 

Program 

DOE 

Cancer  Information 

DRCCA 

Service 

Cooperative  Minority 
Biomedical  Program 

Cytoxan,  methotrexate, 
5-fluorouracil 

cyclic  cytosine 
monophosphate 

Consumer  Product  Safety 
Commission 


dimethyl  sulfoxide 
deoxyribonucleic  acid 

-  Diet,  Nutrition,  and 
Cancer  Program 

dysplastic  nevus  syndrome 

-  Department  of  Energy 

Division  of  Resources, 
Centers  and  Community 
Activities 


DRR      -   Division  of  Research 
Resources 

D-T      -   deuterium  tritium 

DTIC     -   5-(3,3-dimethyl-l- 

triazeno)-imidazole-4- 
carboxamide 

DTP      -  Developmental  Thera- 
peutics Program 
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-E- 

ECOG     -  Eastern  Cooperative 
Oncology  Group 

EGF      -  epidermal  growth 
factor 

EORTC  -  European  Organization  for 
Research  and  Treatment  of 
Cancer 

EPA      -  Environmental  Protection 
Agency 

ERCP     -  endoscopic  retrograde 
cannulation  of  the 
pancreatic  duct 

ERIA     -  ultrasensitive  enzymatic 
radioimmunoassay 

-F- 

FCRF  -     Frederick  Cancer   Research 

Facility 

FDA  -     Food   and  Drug  Adminis- 

tration 

5-FU  -     5-fluorouracil 

-G- 

GC-TEA   -  gas  chromatography- 
thermal  energy 
analyzer 

GM       -  General  Motors 

cGMP     -  cyclic  guanos ine  mono- 
phosphate 

-H- 

HAN      -  hyperplastic  alveolar 
nodules 

HANES    -  Health  and  Nutrition 
Examination  Study 

HIP      -  Health  Insurance  Plan 


HLA      -  human  leukocyte  antigen 

HRA      -  Health  Resources 
Administration 

HSV      -  herpes  simplex  virus 

HSV2     -  herpes  simplex  virus  type 
II 

HTLV     -  human  T  cell  leukemia 
virus 

-I- 

ICGEC    -  Interagency  Collaborative 
Group  on  Environmental 
Carcinogenesis 

ICPDES   -  International  Cancer 
Patient  Data  Exchange 
System 

ICRDB    -  International  Cancer 
Research  Data  Bank 

ICRETT   -  International  Cancer 
Research  Technology 
Transfer  Program 

ILGWU    -  International  Ladies' 
Garment  Workers  Union 

IRCC     -  Interagency  Radiation 
Research  Committee 

lUD      -  Industrial  Union 
Department 

-L- 

tET      -  linear  energy  transfer 

LTR      -  long  terminal  repeat 
(redundancy) 

LYRC     -  Low-Yield  Reference 
Cigarette 

-M- 

MIT      -  Massachusetts  Institute 
of  Technology 
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MMTV     -  mouse  mammary  tumor  virus 

MOPP     -  mechlorethamine ,  vincris- 
tine, procarbazine,  and 
prednisone 

MSV      -  murine,  sarcoma  virus 

-N- 

NAB      -  N-nitrosoanabasine 

NAHANES   -  National  Health  and  Nutri- 
tion Examination  Survey 

NAS      -  National  Academy  of 
Sciences 

NASA     -  National  Aeronautics  and 
Space  Administration 

NAT      -  N-nitrosoanatabine 

NCAB     -  National  Cancer  Advisory 
Board 

NCC      -  Nutrition  Coordinating 
Committee 

NCDB     -  National  Center  for 
Drugs  and  Biologies 

NCHS     -  National  Center  for 
Health  Statistics 

NCI      -  National  Cancer 
Institute 

NCP      -  National  Cancer  Program 

NCTR     -   National  Center  for 

Toxicological  Research 

NDELA    -  N-nitrosodiethanolamine 

NEI      -  National  Eye  Institute 

NHLBI    -   National  Heart,  Lung, 
and  Blood  Institute 

NIA      -   National  Institute  on 
Aging 


NIAAA    -  National  Institute  on 
Alcohol  Abuse  and 
Alcoholism 

NIADDK   -  National  Institute  of 

Arthritis,  Diabetes,  and 
Digestive  and  Kidney 
Diseases 

NIAID    -  National  Institute  of 
Allergy  and  Infectious 
Diseases 

NICHD    -  National  Institute  of 
Child  Health  and  Human 
Development 

NIDA     -  National  Institute  on 
Drug  Abuse 

NIDR     -  National  Institute  of 
Dental  Research 

NIEHS    -  National  Institute  of 
Environmental  Health 
Sciences 

NIGMS  -  National  Institute 
of  General  Medical 
Sciences 

NIH      -  National  Institutes  of 
Health 

NIMH     -  National  Institute  of 
Mental  Health 

NINCDS   -  National  Institute  of 
Neurological  and 
Communicative  Disorders 
and  Stroke 

NIOSH    -  National  Institute  of 

Occupational  Safety  and 
Health 

NK       -  natural  killer  (cells) 

NLM      -  National  Library  of 
Medicine 

NMR      -  nuclear  magnetic 
resonance 
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NNK      -  4-N-methyl-N-nitrosamino 
-1 -(3-pyr idyl )-l -but anone 

NNN      -  N-nitrosonornicotine 

NPCP     -  National  Prostatic 
Cancer  Project 

NRC      -  Nuclear  Regulatory 
Commission 

NSF      -  National  Science 
Foundation 

NTP      -  National  Toxicology 
Program 

-0- 

OCC      -  Office  of  Cancer 
Communications 

OD       -  Office  of  the  Director 

OHRST    -  Office  of  Health 

Research  Statistics  and 
Technology 

OMACR    -  Office  of  Medical 

Applications  of  Cancer 
Research 

OMAR     -  Office  for  Medical  Appli- 
cations of  Research 

OPPA     -  Office  of  Program 

Planning  and  Analysis 

ORTA     -  Office  of  Research  and 
Technology  Applications 

OSCC     -  Organ  Systems 

Coordinating  Center 

OSH      -  Office  on  Smoking  and 
Health 

OSHA     -  Occupational  Safety  and 
Health  Administration 


-P- 


L-PAM 

■  L-alanine,  3-(p-(bis(2- 

chloroethyl) amino )- 

phenyl) 

Pap 

-  Papanicolaou 

PDQ 

computer  data  base 

PETT 

positron  emission 

tomography 

PG 

prostaglandin 

PHS 

-  Public  Health  Service 

PN 

parenteral  nutrition 

PQCS 

-  Pathology  Quality 

Control  System 

ProMACE-  - 

-   Cytoxan,  Adriamycin, 

MOPP 

VP-16,  Prednisone,  and 

high-dose  Methotrexate 
with  leucovorin  rescue 
nfactor  plus  nitrogen 
mustard,  Oncovin, 
Procarbazine,  and 
Prednisone 

PSYCOG   -  Psychosocial 

Collaborative  Group 

-R- 

RFA      -  Request  for  (Grant) 
Applications 

RNA      -  ribonucleic  acid 

RPC      -  Radiological  Physics 
Center 

-S- 

SAQC     -   Statistical  Analysis  and 
Quality  Control  Center 

SCLC     -  small-cell  lung  cancer 
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